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ABSTRACT 


During autumn spates Atlantic salmon (Salmo salar) commonly enter the small spring-fed 
streams of Prince Edward Island and spawn. Annual variations in freshwater discharge from 
Ellerslie Brook were found to determine the number of salmon and time of ascent. A pond 
formed on the brook created a habitat that exercised a strong retaining influence on the move- 
ments of spawners, kelts, parr, and migrating smolts. Smolts which stayed in the pond suffered 
heavy mortalities. 

Movements by sexually mature male parr, within and between fresh and salt water, occurred 
in the fall. Some parr remained in the estuary (0-27% salinity) throughout the year. The 
pond provided a habitat for parr. 

Smolt transformation at ages II and III occurred in the stream, pond, and estuary in the 
spring. Pond and stream smolts of the same age group were similar in size when they migrated. 


INTRODUCTION 


THE SMALL spring-fed trout streams of Prince Edward Island are excellent 
nurseries for the young of the Atlantic salmon (Salmo salar). Although young 
are abundant in the streams, adult salmon contribute little to the economy of 
the Province. There is no commercial fishery for salmon in Prince Edward Island 
waters and, with the exception of a few of the larger streams, adults enter fresh 
water too late in the fall to provide a sport fishery. However, it is quite possible 
that Island-reared salmon enter commercial fisheries in other areas of the Canadian 
Atlantic coast. 

The movements and populations of Atlantic salmon in Ellerslie Brook, Prince 
Edward Island, have been studied since 1946. The study is part of an investi- 
gation to determine the effects of pond formation on anadromous fish in this 
small stream (Smith, 1948a, 1951; Smith and Saunders, 1958). This paper deals 
with the effects of the pond on the population and movements of salmon. 

Throughout the range of the Atlantic salmon the juvenile stages are found 
in freshwater habitats that vary in size from small brooks up to large rivers. 
Salmon research in Canada’s Atlantic Provinces has, for the most part, centered 
around populations in rivers. The small environment of Ellerslie Brook provided 
the opportunity for studying certain aspects of the biology of the salmon that 
have not been previously reported or well documented. 
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ELLERSLIE BROOK 


Ellerslie Brook is a small spring-fed stream that flows into Malpeque Bay 
on the north shore of Prince Edward Island (Fig. 1). The stream and estuary 
have been described and pictured by Smith and Saunders (1958). With two 
tributaries the stream has a length of approximately 6 miles (10 km). 

In the late summer of 1952 a wooden dam was built in the tidal area at the 
mouth of Ellerslie Brook. The dam is 15 yards (14 m) long and has four spillways, 
each 5 feet (1.5m) in width. The maximum drop encountered by a fish going over 
the dam would be about 8 feet (2.5 m). The pond floods an area of about 5 
acres (2 ha). Over most of the pond, depths range from 4 to 5 feet (1.2-1.5 m). 
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Fic. 1. Map of Malpeque Bay area, Prince Edward Island, with insert map 

of the province. A indicates the location of the estuarial counting fence, 

B the location of the stream counting fence. The pond was formed between 
A and B in the late summer of 1952. 
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Depths to 10 feet (3 m) are encountered in the old stream bed. The pond was 
formed on a section of stream between 2 two-way counting fences. The lower 
(estuarial) fence is located about 30 yards (27 m) below the dam and has been in 
operation since June 1946. The upper (stream) fence is at the head of the pond, 
approximately 650 yards (594 m) above the estuarial fence. The stream fence 
has. been in operation since September 25, 1951. The fences have been described 
by Smith and Saunders (1956). 

In the years prior to pond formation immature salmon were found in summer 
only in the 2,500 yards (2,280 m) of stream above the influence of tide. Pond 
formation reduced the length of stream salmon habitat to approximately 2,050 
yards (1,875 m). Immature salmon were rarely found in pools. Fry (fish of the 
year) were usually found in shallow rifles. Brook trout were abundant in the 
stream at all times. 


METHODS OF STUDYING SALMON 
TRAPPING 


Both counting fences were operated year-round and were tended daily. The 
lengths of all salmon captured at both fences were recorded. Lengths were 
measured from the snout to the fork of the tail and recorded in centimetres. 
Following pond formation, ascending adult salmon captured in the estuarial 
trap were placed in the pond. In accordance with the plan of the investigation 
on Brook trout this practice was discontinued in 1955 (FRB, 1956). 


MARKING 


In 1951 Lea’s hydrostatic tag was placed on 493 smolts at the estuarial 
fence (Smith, 1957). In 1957 all smolts (92) entering the estuary bore tags 
consisting of coloured plastic beads on wire. The wire was inserted through 
the back of each smolt in front of the dorsal fin and made fast. Smolts were also 
marked by means of the plastic beads at the stream fence in 1957 and 1958. 
Plastic beads were placed on descending parr in the autumn of 1957 and of 1958. 


POPULATION ASSESSMENTS 


Assessments of the summer populations of salmon fry and parr in the salmon- 
producing areas of the stream were made each year from 1949, in July, August 
and early September. Estimates of the total salmon population were obtained 
by applying the combined estimates from a number (usually 10) of 50-yard (46-m) 
representative areas to the total length of salmon water in the stream. 

The population of each section was determined in 1949 and 1950 by Schnabel’s 
(1938) method of marking and recapture. Seines were used to capture fish. 
Movements into and out of the sections were prevented by barrier nets. It was 
found that fry were difficult to seine because they stayed close to the stream 
bottom. This was also observed by White (1929). In 1951 and in subsequent 
years total capture of all fish in each section was by electrofishing. Tests have 
shown that this is an effective method for the capture of trout and salmon in 
Ellerslie Brook (Saunders and Smith, 1954). 
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The reliability of parr estimates, based on total capture in each section, was 
tested during summer 1956. In that year the total stream length (2,050 yards, 
1875 m) involved in salmon production was electrofished. A separate count 
was kept of the parr in each section. An estimate of the total parr population 
based on the numbers in the sample section was then made. The actual count 
in the 2,050 yards was 2,654; the estimated number was 2,677. The same crew 
and methods were employed in making the estimates in the years from 1951 
through 1958. Accordingly it is felt that the parr estimate in each of those years 
provided a good measure of the actual population. 

There were no salmon fry in the stream in 1956 when the parr assessment 
method was tested. However in other years no difficulties were experienced in 
capturing them by electrofishing. In 1956 an estimate (3,052) of the trout fry 
in the test area differed from the actual count (3,053) by only one fish. 


MATURE SALMON 
TIME OF RUNS 


There are marked differences in the times at which salmon return from the 
sea and enter eastern Canadian rivers (Belding and Kitson, 1934). Salmon 
entered Ellerslie Brook only in autumn (Table I). This autumn run is common 


TABLE I. Time of salmon spawning runs into Ellerslie Brook, number of spawners, and 

number of kelts which returned to the estuary the same autumn and next spring. The 

pond was formed in late summer 1952. The spawners of 1956 and 1957 were not released 
in the pond. 


Number of spawners Kelts (spawned fish) 
(Av. fork length in cm in brackets) 





Time of spawning runs Returned Wintered Total 


Sex not Total toestuary successfully return 





Year From To Females Males recorded run same fall in fresh water of kelts 
1946 Nov. 4 Dec. 2 0 0 15(68.5) 15 4 0 4 
1947 Nov. 19 Nov. 23 0 0 6(72.0) 6 6 0 6 
1948 Nov. 4 Nov. 19 6(76.5) 1(81.5) 31(72.1) 38 10 1 il 
1949 Nov. 5 Nov. 17 5(73.0) 4(75.0) 3(73.6) 12 3 0 3 
1950 Nov. 6 Nov. 20 5(79.2) 4(73.7) 0 9 2 0 2 
1951 No run es see os eels cee eee a 

1952 Nov. 16 cee 1(76.4) 0 0 1 0 1 1 
1953 Oct. 30 Nov. 5 14(72.4) 5(67.6) 0 19 5 9 14 
1954 Nov. 1 Nov. 4 13(73.6) 3(73.6) 0 16 3 10 13 
1955 Norun we _ arr oes ait wee sole ove 
1956 Nov. 28 oo 1(84.0) 0 0 1 0 0 0 
1957 Oct. 1 ees 1(72.5) 0 0 1 0 0 0 
1958 Norun coe eee 





to those small streams on Prince Edward Island in which salmon spawn. Salmon 
run into some of the larger Prince Edward Island streams during the summer 
months. With increasing discharge from Ellerslie Brook in autumn salmon 
were observed in pools at the head of the estuary. They remained at the head 
of the estuary until the brook was in freshet. Entry into the brook was always 
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associated with freshets. White and Huntsman (1938), in reference to salmon 
in the Margaree River, Nova Scotia, write ‘‘ . . . it is seen that entrance into the 
river depends upon the occurrence of satisfactory freshets which may not come 
for several months after the salmon appear near the river mouth’’. 

Runs into the stream in 1953 and 1954, after pond formation, were earlier 
in the season than those recorded in other years (Table I). They were associated 
with a heavy discharge of fresh water from the stream and pond in both years. 


NUMBER OF SALMON IN RUNS 


The number of salmon which ran into Ellerslie Brook in the different years 
is shown in Table I. Failure of spawning runs to materialize in most of the years 
following pond formation in 1952 appeared to be due, in large part, to reduced 
water flow into the estuary in late October and early November. Thus in 1952 
water began to flow over the dam in mid-November. With an increase in the flow 
from the pond one female ascended from the estuary. There was a good flow 
out of the pond in the autumn of 1953 and 1954, and salmon ran in both years. 
From 1955 through 1957 leaks in the dam structure caused water levels in the pond 
to be low in summer and early autumn. In consequence autumn freshets in these 
years acted for the most part to raise the pond level and their effects were less felt 
in the estuary until later in the season. In 1958, although there was a good flow 
from the pond, salmon failed to run. Salmon were also scarce in other streams 
in the area in this year. In general however, variations in freshwater discharge 
in autumn appeared to be a dominant factor controlling the variations in the 
runs of adults into the stream. 


S1zE, AGE AND SEX 


Average fork lengths in centimetres of Ellerslie salmon are presented in Table 
I. Lengths of males and females are shown separately where data are available. 
All salmon recorded through the estuarial fence were mature, ripe fish. 

Data on age of Ellerslie salmon are few. Scales were removed from only 2 
fish in 1953 and from 6 in 1954. The total sample ranged in size from 69.5 to 


78.0 cm (fork lengths). Ages of all fish in the sample were the same, i.e., 2 
stream years plus 2 sea years. 


SPAWNING 


No detailed observations were made on salmon spawning in Ellerslie Brook. 
Salmon were known, however, to have spawned in the area of the stream that 


was later flooded. 
MOVEMENT OF SPAWNERS THROUGH THE POND 


Of the 19 salmon released into the pond at the dam in 1953, only 5 passed 
up through the stream fence. In 1954 all salmon (16) were marked by fin removal 
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(adipose) before they were placed in the pond. Only 5 of the 16 were later captured 
at the stream fence. 


The above data strongly suggest that the pond exercised a retaining influence 
on the spawners. 


SURVIVAL OF KELTS 


In the years prior to pond formation (1946 through 1951) the kelts which 
returned to the estuary did so within 1 or 2 weeks after they had entered the 
brook as spawners. Only one kelt was known to have wintered successfully in 
the stream during that period (Table 1). Survival of kelts in fresh water to the 
next year markedly improved after the pond was formed in 1952 (Table I). 
Apparently the pond offered better holding conditions for kelts than the stream. 
Trapping operations by the Canadian Department of Fisheries on Rocky Brook, 
New Brunswick, a small salmon stream tributary to the Northwest Miramichi 
River, have shown that the majority of the kelts run from Rocky Brook shortly 
after spawning in autumn. Rocky Brook offers few large holding areas suitable 
for salmon to winter in. In contrast, many salmon winter successfully in some 
large Maritime salmon rivers and run out in the next spring. 


SALMON FRY 
STANDING CROPS 


Annual estimates of fry populations are given in Table II. Length frequencies 
among the fry are shown in Fig. 2. Spawning success varied markedly from year 
to year. There appeared to be little relationship between the number of female 


TABLE II. Estimates of summer fry and parr popu- 
lations of Atlantic salmon in Ellerslie Brook. Pond 
parr are not included in the estimates. 








Year 1949 1950 1951 1952 1953 











Fry 4,200 500 250 0 0 
Parr 2,900 3,200 1,350 1,000 120 

Year ‘1954 1955 1956 1957 1958 
Fry 1,800 4,350 0 0 0 
Parr 70 800 2,650 500 140 


spawners and the number of their progeny (Tables I and II). This is not 
surprising in view of the limited spawning and rearing areas available to salmon 
in this small stream. The reduction in stream rearing area following pond 
formation did not appear to have an adverse effect on the fry productive capacity 
of the stream (Table II). However, the high fry population in 1955 may have 
been due to unusually good spawning conditions. 
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Fic. 2. Fork length frequencies of parr and fry 
captured during summer assessments in Ellerslie 
Brook. 


459 








460 JOURNAL FISHERIES RESEARCH BOARD OF CANADA, VOL. 17, NO. 4, 1960 


SALMON PARR 
STANDING CROPS 


Annual estimates of parr populations are presented in Table II. Expressed 
in terms of average number of parr per 100 square yards (84 sq m) of stream 
bottom, the stocks varied annually from less than 1 to approximately 70 parr per 
100 square yards. Keenleyside (1959) shows that parr in New Brunswick’s 
Northwest Miramichi in 1953, with bird control, averaged 30 per 100 square yards. 

The loss of stream habitat (approx. 450 yds, 410 m) following pond formation 
was compensated for, to an unknown extent, by the additional habitat provided 
by the pond. Some parr moved from the stream into the pond (Table III). 


TABLE III. Upstream and downstream movements of salmon parr past the Ellerslie 

counting fences in autumn. Average fork lengths in centimetres are shown in brackets. 

The stream fence was placed in operation in autumn 1950. The pond was formed between 
the fences in autumn 1952. 





Number of parr recorded Number of parr recorded 
at the stream fence at the estuarial fence 

Year Upstream trap Downstream trap Upstream trap Downstream trap 
1946 No fence No fence 0 5 (13.6) 
1947 fae an 15 (11.8) 7 (11.5) 
1948 ae nl ie 4 (13.4) 13 (13.2) 
1949 <r ea 7 (12.1) 17 (12.0) 
1950 44 (12.0) 210 (11.1) 10 (13.1) 13 (12.0) 
1951 21 (14.0) 34 (13.5) 11 (14.3) 5 (13.5) 
1952 87 (14.4) 51 (14.0) 0 1 (14.7) 
1953 2 (14.9) 23 (13.7) 1 (17.9) 0 
1954 5 (15.5) 4 (16.0) 0 0 
1955 0 7 (11.5) 0 0 
1956 5 (12.1) 231 (11.4) 13 (12.9) 32 (11.7) 
1957 0 2 (14.1) 0 43 (13.3) 
1958 0 0 0 0 





SIZE AND AGE IN SUMMER STOCKS 


Samples for age determination were not taken during the summer population 
studies. The length frequencies among the summer parr in the stream presented 
in Fig. 2 (1949 and 1950 data not included) show considerable overlapping in 
the size ranges of the different year-classes. Yearlings (age I) could be set 
apart without difficulty in only 1 year, 1955. In that year the parr stocks 
consisted, almost entirely, of age I fish. They ranged in size from 8 to 12 cm 
fork length. In 1956 parr stocks consisted of age I and age II fish (Fig. 2). 
Relatively few of the 1956 parr remained in the stream by summer 1957. In line 
with these observations it was found that Ellerslie smolts commonly ran at ages 
Il and III. Some parr remain in the stream for long periods of time. The last 
spawning in Ellerslie was in 1954. Some of the progeny from that spawning 
were still in the stream in summer 1959. In years when large, and presumably 
old, parr were present in the stream they were distributed throughout the salmon- 
producing area. 
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AUTUMN MOVEMENTS OF ELLERSLIE PARR 


Upstream and downstream movements of parr within and between fresh and 
salt water, as shown by capture at the counting fences, occurred in November 
and early December. Numbers of parr recorded past the fences in each of the 
years are shown in Table III. 

In most years the number of parr which moved past the counting fences in 
the autumn involved a small proportion of the stream population. For example, 
in 1956, 231 parr moved down through the stream fence. The run represented 
approximately 10% of the estimated summer stream parr population (2,650) in 
that year. In 1953 the small downstream run of 23 parr was approximately 
20% of the estimated summer population (120). These movements were entirely 
within fresh water. 

Reference to Table III shows that in some years parr moved from the stream 
into the estuary and from the estuary into the stream. Not all the parr which 
descended through the stream fence in autumn remained in the stream or pond. 
Some continued on into the estuary. Some parr were present in the upper part 
of the Ellerslie estuary at all seasons of the year. Salinities in the estuary ranged 
from near 0 up to approximately 27% depending upon the height of tide and flow 
of water from the brook. Hoar (1937) reports finding parr in estuaries. 
Chaisson (1933) found that tolerance of salmon parr to salt water increased with 
intermittent exposure to tidal waters. 

The author found that salmon fry and parr in glass aquaria could adjust to 
salinities similar to those encountered in the Ellerslie estuary. It would appear 
that the Ellerslie estuary did not act as a barrier to the descending parr. 


AUTUMN MOVEMENTS IN OTHER WATERS 


Movements of parr in autumn are not peculiar to Ellerslie Brook. Trapping 
operations carried on at the outlet stream from a pond on Wilmot River, Prince 
Edward Island (Fig. 1), disclosed an autumn movement of parr between the 
pond and estuary. The movements were preponderantly down into the estuary. 
Elson (personal communication) trapped small numbers of descending parr in 
autumn on the Pollett River, New Brunswick. Ivlev and Galkin (1958) found 
that in the Peterup River, which discharges into Riga Bay on the Baltic, 90% 
of the smolts migrated in the spring and 10% migrated in autumn. The authors 
point out, however, that Peterup parr do not take on smolt livery until they have 
reached salt water. Accordingly it seems possible that the autumn migrants 
in the Peterup were parr and not smolts. Huntsman (1945) found that some 
salmon parr descended from the spawning areas of streams in autumn, particularly 
during freshets, into lakes and estuaries. He also noted that parr moved from the 
estuaries into tributary streams. In the spring of 1959 a number of yearling 
salmon parr were captured in the pool below the Ellerslie dam. These young 
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parr could not have been Ellerslie salmon since the last spawning in the brook 
was in 1954. The pool was electro-fished in autumn 1958. There were no salmon 
parr in the pool at that time. Accordingly the yearling parr ascended from the 
estuary either in late autumn or winter 1958, or in spring 1959. 

The parr which moved into the Ellerslie estuary in the autumn did not 
transform into smolts at that time. Of the 43 parr (all were marked), which ran 
from the pond into the estuary in autumn 1957 (Table IV), 9 were recaptured 


TABLE IV. Movements of salmon parr released into the 

pond at the stream fence in autumn 1956 as shown by 

recaptures at the estuarial fence, records from the creel 

census and by capture when the pond was drained in 
summer 1958. 





Number liberated in pond.......................:scsssssssessssenesesees 192 


Ran into estuary, same autumn....................... REE 32 
Ran into estuary, spring 1957 (smolts)........................ 65 
Angled in pond, summer 1957.....0................ccccccceseeseeeees 10 
Ran into estuary, autumn 1957 ..000000..00..cccceceeeeeees 43 
Ran into estuary, spring 1958 (smolts)........................ 13 


Found in pond, summer 1958 


at the head of the estuary the next spring. One fish captured in early April still 
retained its parr markings although the fish was silvery in appearance. The 
other 8 salmon were taken after mid May, the period when smolts usually start 
to run in numbers from the stream. All had transformed into smolts as manifested 
by silvering. Scales from the smolts, which had transformed in the estuary, 
showed growth patterns similar to those observed on scales from smolts which ran 
from Ellerslie Brook, i.e., a period of slow growth in the last winter followed by 
rapid growth, characteristic of smolts, in spring. The foregoing observations 
suggest that smolt transformation occurred in the stream and in the estuary at 
approximately the same time in spring. 

Some parr usually descended into the estuary in the spring with the smolt 
runs. Spring-run parr have been kept under observation in the tidal pool below 
the Ellerslie dam until late November of the same year. They did not transform 
into smolts. 


MOVEMENTS IN RELATION TO THE POND 


The most prominent run (231) of parr from the stream into the pond occurred 
in autumn 1956 (Table III). A muskrat, subsequently captured in the fish trap, 
killed 39 of the descending parr in the trap. The remainder of the run (192) 
were liberated in the pond (Table III). There appeared to be no need to mark 
the descending parr in 1956 since there was no evidence to show that there were 
more than a few in the pond before the 1956 run took place. Subsequently all 
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parr and smolts were marked before they were released into the pond. Accordingly 
all unmarked salmon, angled in the pond or captured at the counting fences as they 
attempted to leave the pond during and after the autumn of 1956, were designated 
as being salmon from the 1956 autumn run into the pond. Movements of the 
192 parr, as shown be recaptures, after being liberated in the pond are given in 
Table IV. The data show that 153 of the 192 parr eventually moved past the 
estuarial fence into salt water; 75 of the 153 ran as autumn parr, 78 ran as spring 
smolts. 


SEXUALLY MATURE MALE PARR 


Most of the parr captured at the fences in autumn were sexually mature 
males. Precociousness in parr has been previously reported (Jones, 1959; White 
and Huntsman, 1938; Nikolsky and Kozhin, 1958). Evropeitseva (1958) 
observed, as was true at Ellerslie, that a small proportion of the parr population of 
Baltic salmon reached the usual smolt size without transforming into smolts. 
She found that about 70% of such parr were usually ripening males. 

Average fork lengths at various ages of male parr in the 1952 autumn move- 
ments past the stream fence are presented in Table V. The data show that some 


TABLE V. Age and average fork lengths in centi- 

metres of male parr in a sample taken at the stream 

fence in autumn 1952. The sample represents 
45% of the total run in both directions. 








Age Av. fork length Number sampled 
‘ cm no. 
I+ 11.8 20 
II+ 13.5 20 
Ill+ 15.4 22 
Total sample 62 





male parr ripen at the end of their second summer (age I+) in the stream. Data, 
relative to the ages of ripe males, were obtained from those parr which moved 
past the fences. Accordingly they should not be considered as being representative 
of the stream population as a whole. 


SALMON SMOLTS 
NUMBER 
Following pond formation some parr transformed into the smolt stage in the 
pond. Such smolts will be referred to as pond smolts. Smolts which completed 
their transformation in the stream part of the system are designated as stream 
smolts. 
In 1957 and 1958 it was possible, on the basis of tags put on all the stream 
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smolts at the stream fence, to separate stream smolts from pond smolts at the 
estuarial fence. It was found that 65 (70%) of the 92 smolts which ran through 
the estuarial trap in 1957 were pond smolts (Table VI). In 1958, 25 (54%) 
of the 46 smolts were pond smolts. 


TABLE VI. Number of migrating salmon smolts 

counted past the two Ellerslie counting fences in spring. 

Average fork lengths, in centimetres, are shown in 

brackets. The stream fence was placed in operation 

in autumn 1950. The pond was formed between the 
fences in autumn 1952. 


Number down through Number down through 





Year stream fence estuarial fence 
1947 No fence 119 (13.0) 
1948 ree 167 (13.3) 
1949 aS y Lee 215 (14.1) 
1950 a 653 (12.5) 
1951 473 (13.2) 590 (13.2) 
1952 146 (14.3) 320 (14.7) 
1953 159 (13.3) 224 (14.7) 
1954 5 (15.5) 20 (18.5) 
1955 0 0 

1956 96 (12.5) 126 (13.1) 
1957 97 (12.1) 92 (12.9) 
1958 27 (14.5) 46 (15.2) 





A total of 2,572 pond and stream smolts descended through the estuarial 
trap in the 11 years (Table VI). The total run from the stream was 2,448. 
The latter total was obtained by taking the sum of the numbers of smolts down 
through the estuarial fence before pond formation (1947 through 1952) and 
the numbers down through the stream fence after pond formation (1953 through 
1958). 

Average annual run from the stream portion of the Ellerslie system was 222, 
or approximately 4 to 5 smolts per 100 square yards (84 m?) of stream. Maximum 
number of smolts in any one year occurred in 1950, 653 or approximately 13 
smolts per 100 square yards of stream. Elson (1957) set the maximum capacity, 
with bird control, of the Pollett River, New Brunswick, at 5 to 6 smolts per 100 
square yards. 


TIME OF RuNsS 


Daily movements of smolts into the estuary in the different years are com- 
pared in Fig. 3. In some years before the pond was formed (from 1947 to the 
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fall of 1952) appreciable numbers of smolts ran before mid-May. This was not 
so, however, in 1952. The run in that year started abruptly on May 20 (Fig. 3). 
Smith and Saunders (1958) have noted that 1952 was an aberrant year in that 
brook water levels and temperatures were unusually low throughout April and 
early May. In consequence trout were observed to run uncommonly late in spring. 
From 1953 through 1958 relatively few smolts descended into the estuary from the 
pond before mid-May (Fig. 3). However, in some post-pond years smolts 
ran from the stream into the pond in good numbers in April and early May. For 
example, in 1953, 1956 and 1957, a high proportion of the smolts ran into the pond 
in early May. In fact in each of these 3 years the bulk of the smolt run had 
moved into the pond before smolts started to move in numbers past the estuarial 
fence. Smolts were marked at the stream fence in 1957 and 1958. In both 
years the time interval between first marking at the stream fence and recapture 
of the first marked smolts at the estuarial fence was 9 days. Thus smolts which 
ran from the stream into the pond and on into salt water were delayed by the 
pond. 


LENGTH AND AGE 


Average fork lengths of all smolts recorded at the stream and estuarial 
fences are given in Table VI. Length frequencies among the smolts taken at the 
estuarial fence are shown in Fig. 5. Age determinations were made for the 
smolts taken at the estuarial fence in 4 years (Fig. 4). 

In the years in which runs were sampled smolts ran at ages II and III. 
Only one age IV smolt was recorded (not shown in Fig. 4). In other years it would 
appear that few smolts older than age III ran into the estuary. The few large 
(above 17.0 cm) individuals in the 1954 run were probably survivors from the 
parr which had been impounded between the fences when the pond was formed 
in 1952. Possibly they were age IV or older in 1954. 

The samples taken at the estuarial fence for age determinations (Fig. 4) 
in 1953, 1957 and 1958 included stream and pond smolts. The lengths at the 
different ages of both groups were compared in 1957 and 1958. It was found 
that in 1957 the average lengths of the age II smolts in both groups were the 
same—12.7 cm (5 in). In 1958 the average lengths of the age III smolts in 
both groups, when captured at the estuarial fence, were also the same—15.2 cm 
(6in). Pond smolts in 1957 and 1958 were from parr which had originally moved 
down into the pond in autumn 1956 (Table III) as yearling (age I+) fish. 
Accordingly the age II pond smolts in 1957 had spent a full winter in the pond 
and the age III pond smolts taken in 1958 had spent two full winters there. 
Thus, pond and stream smolts of the same age group were similar in size at the 
time of their descent into the estuary. 
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Fic. 4. Fork lengths, at different ages, of smolts captured at the 
Ellerslie estuarial fence. Proportions of runs sampled were as follows: 
1948—38%, 1953—48%, 1957—77%, 1958—100%. 
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Fic. 5. Fork length frequencies of all smolts captured at the Ellerslie 


estuarial fence in spring. 
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RETENTION OF SMOLTS IN THE POND 


In 1957 and 1958 all smolts were tagged at the stream fence with plastic 
markers before they were liberated in the pond. Results of the tagging pro- 
grams are summarized in Table VII. In 1957, 72% of the stream smolts were 


TABLE VII. Recaptures of salmon smolts tagged at the stream fence on Ellerslie 
Brook in spring and released into the pond. 








Recaptured Recaptured 
Year of Smolts at estuarial fence Angled in pond at estuarial fence Total 
tagging tagged the same spring followingsummer the next spring return 


no. . no. no. no. 
1957 97 5 2 34 


1958 27 0 0 21 





retained in the pond. Some pond smolts were also retained in 1957. Records 
from the creel census maintained on the pond show that 15 smolts were angled 
in the summer of 1957. Ten of the angled fish were pond smolts, the other 5 
were tagged stream smolts. 

In 1958 most of the stream smolts passed through the pond and on into 
the estuary the same spring (Table VII). There were no smolts in the pond 
when it was drained in summer 1958. 

Some smolts were retained in the pond in other years. In 1953, 10 smolts 
were angled in the pond during the summer months. In 1954, 6 were taken in 
summer by anglers; one was taken in 1956. Although there was no smolt run 
in 1955, 6 large parr ranging in size from 16.6 to 18.1 cm (6} to 7 in) were caught 
in summer in the pond by anglers. Possibly these large parr had been smolts 
in the spring and had reverted to the characteristic parr appearance after retention 
in the pond beyond the migrating period. Smolts marked in spring 1957 appeared 
to be reverting to the parr state when recaptured in the pond in late summer. 
Elson (1957) observed that when smolts were retained in fresh water after the 
normal migration period they reverted to the characteristic parr appearance. 
Evropeitseva (1958) referred to the transformation of smolts back to parr as 
“desmoltification’’. She found that when smolts were retained in ponds they 
transformed back to parr by autumn. 

In the 2 years (1957 and 1958) in which smolts were tagged at the stream 
fence they were retained in the pond in number in only 1 year, 1957 (Table VII). 
In both years there was a good flow of water over the dam in May and early 
June. Water stopped flowing in quantity over the dam on June 17, 1957. How- 
ever smolts had ample opportunity to move over the dam up to that date. In 
fact with the exception of a few individuals the smolt run from the stream into 
the pond was over by May 28. In late June 1957 smolts were observed at the 
surface in front of the dam. Attempts were made over a 4-day period to move 
them down out of the pond by removing stop-logs in the spillways and thus 
increasing the outflow. Stop-logs were lifted at intervals during the daylight 
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hours and in late evening. When the current at the dam was increased the 
smolts headed into the current and moved away from the dam. Similar reactions 


by adult trout have been observed while draining experimental ponds (Smith 
and Saunders, 1958). 


SURVIVAL OF SMOLTS RETAINED IN THE POND 


Only 7 of the 70 smolts which were retained in the pond in 1957 were sub- 
sequently recaptured. There were no survivors from the 1957 smolts in the pond 
when it was drained in the summer of 1958. However the pond contained 32 
large eels, total weight 32 lb (14.5 kg). Elson (1957) found that eels were a 
limiting factor for survival of underyearling salmon. Also the destruction of eels 
by poison in a lake was followed by a definite improvement in the angling for 
speckled trout (Smith, 1948b). According to Smith and Saunders (1955) eels 
were not numerous in Ellerslie Brook. They tended, however, to become 
concentrated in the pond. Since smolts tended to concentrate near the surface 
of the pond, they were vulnerable to attack from below by eels. Elson (personal 
communication) has observed eels attacking smolts from below in the forebay 
of a dam. However eels cannot be advanced as the only limiting factor -for 
survival of smolts in fresh water. For example, Koch et al. (1959) found that 
a large percentage of smolts retained in fresh water died. The authors indicate 


that the osmotic capacities of smolts in fresh water are impaired at parr—smolt 
transformation. 


RETURN OF ADULTS TO ELLERSLIE BROOK 


Salmon smolts were tagged at the estuarial fence in only one of the years 
before the dam was constructed. Of 690 smolts in 1951, 493 were tagged with 
Lea’s hydrostatic tag. In addition to the tagging at the fence, 15 smolts which 
had been previously fin-marked in the stream, as parr, were in the run. Nineteen 
adults ran into the stream in 1953, and 16 in 1954. None showed any evidence 
of having been previously tagged. However, in 1954 a fin-marked adult returned 
to the stream. Subsequent to tagging one of the hydrostatic tags was found 
in Malpeque Bay near the mouth of Ellerslie Brook. Another was found at 
Percé, Quebec. Both tags had become detached from the fish (Smith, 1957). 


SUMMARY 


1. Movements of mature and immature salmon were recorded at a two-way 
counting fence in the upper estuary of Ellerslie Brook from June 1946 through 
autumn 1958. Records were also kept from September 1951 through autumn 
1958 at a counting fence in the stream 650 yards above the estuarial fence. A 
5-acre pond was formed between the two fences in late summer 1952. Sub- 
sequent to pond formation, adult salmon ascending from the estuary were removed 
from the estuarial trap and placed in the pond. Assessments of summer popu- 
lations of fry and parr in the stream were made from 1949 through 1958. 
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2. Spawners entered the brook only in autumn when the brook was in 


spate. In some years the pond acted to reduce the flow of fresh water into the 
estuary and salmon failed to enter. 


3. The majority of the spawners placed in the pond did not move up through 


the stream fence. For kelts, the pond offered better wintering conditions than 
the stream. 


4. Summer stocks of parr in the stream varied from less than one to 
approximately 70 per 100 square yards of stream bottom. The pond acted as a 
rearing area for some parr. 


5. A few parr moved downstream in early spring. The most prominent 
upstream and downstream movements of parr occurred in November and early 
December. Movements were within and between fresh and salt water. In most 
years a relatively small proportion of the stream population moved past the fences 
in autumn. Most of the parr which moved in the autumn were males. Non- 
native parr moved into the brook. 


6. Some parr were present at all seasons in the upper tidal portion of the 
estuary where salinities ranged from near 0% up to approximately 27%. 


7. Some of the parr which ran from the stream into the pond in autumn 
descended into the estuary the same or the next autumn as parr. Parr which ran 
into the estuary in the autumn transformed into smolts the next spring. Others 
ran from the pond the next or the following spring as smolts (pond smolts). 


8. Average annual run from the stream portions of the Ellerslie system was 
222 smolts, or approximately 4 to 5 smolts per 100 square yards of stream bottom. 


9. The pond acted to delay migrating stream smolts. 


10. Both pond and stream smolts were retained in the pond. In one year 
72% of the migrating stream smolts failed to reach the estuarial fence. Attempts 
to move smolts out of the pond by increasing the flow of water over the dam 
failed. Smolts retained in the pond suffered heavy mortalities. The eel is 
considered as a possible factor contributing to the high mortalities. 


11. Smolts ran at ages II and III. Pond and stream smolts of the same 
age-group were similar in size when they ran into the estuary. 
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Assessment of the Progressive Spoilage 
of Ice-stored Shrimp‘ 
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Central Food Technological Research Institute, Mysore, India 


ABSTRACT 


Freshly caught shrimp, stored in ice, were sampled for chemical and bacteriological tests. 
Data have been presented to correlate the results of the tests with the quality and spoilage of 
shrimp. Rapid methods based on use of test papers have been developed as an index of shrimp 
spoilage. 


INTRODUCTION 


A NUMBER OF WORKERS have pointed out that shrimp are a highly perishable 
food requiring adequate refrigeration and expeditious handling. Organoleptic 
studies with ice-stored shrimp showed three general flavour changes indicating 
that palatability and sweet-flavour characteristic of fresh shrimp change to 
a flat taste, followed by another sharp change in flavour which denotes onset of 
spoilage (Fieger and Friloux, 1954). 

During the past few years some useful chemical and microbiological tests have 
been advocated as an index of shrimp quality. Glycogen-sugar content and 
lactic acid content have been found to be measures of definite changes during 
the prime quality of shrimp; other useful tests are pH, amino nitrogen, degree of 
hydration of water-insoluble protein, trimethylamine nitrogen, volatile acids, 
sulphydryl groups determined by iodine titration, and Nessler ammonia (Bailey 
et al., 1956). Definite ranges of amino nitrogen are associated with the number 
of days the shrimp have been stored in ice (Velankar and Govindan, 1958). 
The estimation of volatile reducing substances (VRS) is another useful and 
reliable method for detecting spoilage in shrimp (Farber, 1954). A sudden 
rise in bacterial count indicates onset of spoilage; in this connection a rapid method 
for determining the approximate bacterial load on shrimp has been reported 
(Novak et al., 1956). Bacteriological data on shrimp from the time they are 
caught until marketed as fresh or frozen product have been recorded (Green, 1949). 
Storage of fresh shrimp in crushed ice indicated that satisfactory commercial 
quality can be retained for at least 16 days, although storage for less than 12 
days appears to be desirable; during the storage there was an increase in 
achromabacters (Campbell and Williams, 1952). Much other work on assessing 
the quality of fresh and ice-stored shrimp is continuing in the United States 
and elsewhere (e.g. Lee, 1959). 


1Received for publication February 4, 1960. 
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India produces about 150,000 tons of shrimp annually and many new grounds 
are being explored in the hope of greatly increasing the catch. No systematic 
work appears to have been done to apply some of the above-mentioned methods 
to assess the quality of shrimp from Indian waters to exercise quality control. 
Since environments may have a profound effect on the validity of later measure- 
ment of chemical values, due to different bacterial flora present, the shrimp 
industry expressed the desire that some of the relatively more usable methods 
employed for determining shrimp quality be applied to ascertain their suitability 
for shrimp from Indian waters. Moreover, since the existing methods of 
determining progressive decomposition of shrimp are time-consuming, it has been 
felt necessary to investigate a simple method that will measure the spoilage of 
shrimp rapidly with minimum equipment. The industry is at present using odour 
and visual observation as criteria for evaluating the quality of shrimp. These 
tests do not ensure reliable results since they are based on personal judgment. 
The purpose of this investigation was (a) to discuss the findings of the results 
obtained by employing total bacterial plate count method, pH determinations, 
estimation of trimethylamine and total volatile nitrogen, and (b) to describe 
rapid tests based on use of impregnated papers and reagents as an index for the 
degree of shrimp spoilage. 


EXPERIMENTAL 


Shrimp of two commercial varieties, namely ‘‘Naran’’ (Penaeus indicus) and 
“Choodan chemmen”’ (Metapenaeus monoceros) were caught by trawlers off the 
west coast and immediately packed in crushed ice. The former gave a count of 
12 to 16 per pound; the latter, 30 to 35, all counts with heads on. The shrimp 
were kept in ice for 10 hours from the time of catch until landed, and for another 
2 days in ice from the time of landing until the icing experiments in the laboratory 
commenced. They were transported to the laboratory in insulated boxes well 
packed with crushed ice. On arrival the shrimp were re-iced and stored in a 
refrigerated room at 35°F. They were frequently repacked with ice so that 
sufficient quantity of it was always left in contact with the shrimp. Trimethyl- 
amine nitrogen (TMA-N) and total volatile nitrogen (TVN) were estimated by a 
microdiffusion method (Conway, 1947). The test samples were prepared by 
pressing in a Carver press ‘a fair quantity of peeled and deveined shrimp. pH 
determinations were carried out with a glass-electrode Beckman pH meter. Total 
bacterial plate count was determined as described earlier (Visweswariah et al., 
1959). The nutrient agar consisted of beef extract 0.3%, peptone 0.5%, agar 
1.5% and salt 3.0% (pH of media = 7.0). The plates were incubated at 23 to 
25°C for a period of 3 days and colonies were counted in the range of 30 to 300. 


MEASUREMENT OF LEACHED-OUT TRIMETHYLAMINE AND TOTAL VOLATILE 
NITROGEN. With a view to finding the exact quantities of TMA-N and TVN 
leached out due to melting of ice, two sets of tin containers were provided with 
taps and placed one above the other so that the ice melted from the upper tin 
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was collected as water in the lower tin. A sample of drip water was removed 
at the end of one day, then the empty container was put into position from 
which another sample was taken at the end of second day, and soon. The two 
varieties of shrimp were separately iced in the two containers and stored in a 
refrigerator at 4°C to prevent quick melting of ice. In this investigation, frozen 
shrimp stored for 1 month at 4 to 6°F and representative of the same lot of shrimp 
used in earlier experiments were employed for the leaching work. Sufficient 
ice was used initially and the shrimp were re-iced at regular enough intervals 
so that they always remained well covered with ice. 


PREPARATION OF TEST PAPERS IMPREGNATED WITH PHENOL RED. Phenol 
red (pH range 6.8 to 8.2) weighing 0.2 g was dissolved in 250 ml of 90 to 95% 
ethyl alcohol previously adjusted to a pH slightly lower than 7.0. Whatman 
No. 1 filter papers were immersed in this solution just for a few seconds and dried 


in an oven at about 80°C. The circular sheets were then cut unto suitable strips. 
They were of deep lemon-yellow colour. 


PREPARATION OF TURMERIC SOLUTION. 0.25 g of well-powdered turmeric 


powder (Curcuma longa) was dissolved in a litre of 95% ethyl alcohol and the 
solution filtered. 


PREPARATION OF TURMERIC TEST PAPERS. These were prepared by soaking 
Whatman filter paper in an alcoholic solution containing 10% of dissolved 
turmeric and drying at 75°C. 


CATECHOL-FERRIC CHLORIDE SOLUTION. 0.1 g catechol was dissolved in 


100 ml CO.-free distilled water and to this was added 6.0 ml of 1.0% FeCl; 
solution. ; 


METHOD OF APPLYING PHENOL-RED TEST PAPERS. The deshelled shrimp 
was placed on a piece of filter sheet to wipe off adhering water and then with a 
sharp knife the muscle was cut open longitudinally almost to two halves, taking 
care that nothing but the knife touched this newly cut portion. A phenol-red 
impregnated strip was placed inside the cut portion and the inner surfaces of the 


two halves of the shrimp were pressed together so that the strip came in direct 
contact with the newly cut muscle. 


TURMERIC METHOD. 5 g of shelled shrimp muscle was dipped for 10 minutes 
in 20 ml of the turmeric solution and the reacted solution was filtered. Develop- 
ment of an orange shade in the original yellow colour of the solution was measured 
at 490 my in a Lumetron photoelectric colorimeter. This test was done in 
duplicate and the average value was taken. 


CATECHOL—FERRICHLORIDE METHOD. 100 ml of the freshly prepared catechol- 
ferrichloride reagent was mixed with a shrimp-tissue homogenate prepared by 
blending in a tissue homogenizer 5 g of shrimp muscle in 100 ml of CO,-free 
distilled water. The reaction mixture was filtered through Whatman No. 1 
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filter paper and the degree of blue colour developed in the extract was measured 
at 580 my in a Lumetron photoelectric colorimeter. The average value of 
duplicate samples was taken into consideration. 


RESULTS AND DISCUSSION 


TRIMETHYLAMINE AND TOTAL VOLATILE NITROGEN. Trimethylamine values 
(Fig. 1) increased only slightly during the first 2 weeks of progressive spoilage of 
shrimp. At the end of 3 weeks when the shrimp had a pronounced off odour, 
the TMA-N values were 4.5 mg N% in case of ‘‘Naran’’ and 2.9 mg N% in case 
of ‘‘Choodan’’. These values did not show any definite trend although the daily 
values fluctuated. Since at the time of spoilage only small quantities of TMA-N 
could be estimated, this limited the value of TMA-N as a generally reliable 
index of iced-shrimp spoilage considering that the production of TMA is not a 
general property of all spoilage bacteria. However, our subsequent experiments 
showed that actually more TMA is formed during progressive spoilage of shrimp 
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ice-stored shrimp. 

but because of considerable leaching of TMA due to the washing effect of the 
melted ice, only small quantities of it were detectable as TMA-N. Total volatile 
nitrogen (Fig. 2) also showed daily fluctuations and remained almost constant 
for the first 19 days. At the end of 21 days, the TVN values were 20.0 mg N% 
for ‘“‘Naran”’ and 15.5 mg N% for ‘“‘Choodan’’. For ‘‘Choodan’’, TMA-N and 
TVN values were somewhat smaller than for ‘‘Naran’’. Some more work is 
required to investigate the influence of species and size of our shrimp on the 
formation of volatile bases so that definite values of these could be suggested to 
indicate the degree of spoilage. 
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LEACHING OF TRIMETHYLAMINE AND TOTAL VOLATILE NITROGEN. The 
results indicated in Table I give clear-cut evidence that these two volatiles are 
leached out during progressive spoilage of shrimp. This was further confirmed 
by following progressive spoilage of shrimp without the use of ice under refrigerated 
condition at 4°C. At the end of 8 days when the shrimp were spoiled (Table 
II), the TMA-N and TVN values for ‘‘Naran’’ were 11.8 and 55.5 mg N% 
respectively. Had there been no leaching of volatile bases during icing of shrimp, 
the level of TMA-N and TVN in case of ice-stored shrimp at the spoiled stage 
would have almost corresponded to the levels in refrigerated samples spoiled to 
the same degree. Considering the leaching of volatile bases, it is difficult to 
assign definite values of TMA-N and TVN to differentiate iced shrimp in three 


TABLE I. Trimethylamine and total volatile nitrogen formed and leached out during progressive 
spoilage of iced shrimp? 3, 











“NARAN” “CHOODAN" 
Trimethylamine Total volatile nitrogen Trimethylamine Total volatile nitrogen 
(mg N%)* (mg N%)* (mg N%)* (mg N%)* 
Retained Retained Retained Retained 
within within within within 
Days the Leached the Leached the Leached the Leached 
stored muscle out muscle out muscle out muscle out 
0 0.9 - 17.8 - 0.2 - 11.8 ~ 
1 = ~ - 1.5 - 0 - 24 
3 - - - 2.0 - 0 - 1.6 
6 0.2 2.4 18.8 8.1 1.4 1.2 12.4 7.3 
9 4.2 4.7 17.2 20.3 4.0 5.1 17.0 28.1 
10 7.6 1.0 24.6 7.6 4.2 Ss 17.6 12.1 
13 6.6 1.8 22.8 17.0 8.6 2.8 27.0 24.9 


2Frozen and thawed shrimp used. 

3The containers (shrimp+ice) were kept in refrigerator at 4°C. 

4TMA-N and TVN estimated on pressed juice in case of muscle, and melted ice was used in 
determining leached quantities. 


TABLE II. Trimethylamine and total volatile nitrogen 
formed during the spoilage of un-iced shrimp stored 


at 4°C. . 

Days of Trimethylamine Total volatile nitrogen 
storage (mg N/100 ml pressed juice) 

0 0.9 17.8 

1 1.0 17.8 

2 2.0 17.8 

3 3.5 19.8 

4 4.2 22.0 

5 $.7 24.0 

6 5.8 35.8 

7 5.8 46.8 

8 11.8 55.5 

9 18.0 63.0 
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different grades, namely the fresh, spoiling and spoiled stages. The leaching 
effect will obviously depend upon the amount of shrimp stored and ice used. 
Since here we are dealing with uncontrollable factors, the estimation of TMA-N 
and TVN is not reproducible. It may be pointed out that these volatile bases 
have been successfully employed to assess the quality of iced fish. But because 
shrimp are much smaller than most commercial fish and the fleshy portion of 
shrimp is surrounded by segmented shell, the leaching of volatile bases is much 
greater in case of shrimp. From these considerations the estimation of TMA-N 
and TVN is unreliable and of limited usefulness as an index of ice-stored shrimp. 
Rise in TMA-N and TVN indicates that spoilage has occurred but no definite 
values can be suggested even when the shrimp are definitely spoiled. 


TOTAL BACTERIA COUNT. The increase in bacteria count on spoilage of 
iced shrimp is shown in Fig. 3. The increase in TMA-N and TVN and even 
pH measurements lagged behind the increase in bacterial load. A sudden 
increase in bacteria count at the end of 16 days in both the varieties of shrimp 
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Fic. 3. Bacteria plate count of ice-stored shrimp. 


indicated definite onset of spoilage and comparisons with organoleptic changes 
showed that the shrimp were of doubtful quality. During the second stage of 
spoilage from 7 to 14 days when the shrimp were gradually losing their original 
characteristic flavour, gradual rise in bacterial load was noticeable. Though 
bacteria counts alone are unreliable in differentiations of various quality grades 
of shrimp, in the case of iced shrimp this method deserves considerable merit 


because the plate count is not significantly affected by the washing effect of the 
melted ice. 
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MEASUREMENT OF PH. The pH of deshelled shrimp was determined on 
the surface and inside the muscle. The shrimp muscle was given a deep cut 
longitudinally to obtain an entirely new surface free from extraneous contami- 
nation. The initial pH of the surface was 7.3 to 7.5 and that of inside of the 
muscle was 6.8. The pH of the sea water where the shrimp were caught was 
8.0, and this considerably influenced the pH of the shrimp surface. The pH 
on the surface (Table III) decreased from 7.35 to 7.2, possibly due to leaching of 


TABLE III. Changes in pH of ice-stored ‘“‘Naran"’ (Penaeus indicus). 








Surface Interior muscle 
Days Colour with Colour with Organoleptic 
stored pH __— phenol-red paper pH _ phenol-red paper evaluation 
0 7.35 Pink 7.0 No change 
4 7.3 Pink ta No change 
5 7.3 Pink 7.1 No change 
7 7.2 Slight pink 7.1 No change Good 
9 he Slight pink 7.1 No change 
10 7.2 Slight pink 7.1 Orange 
12 Wea Slight pink 7.1 Orange 
13 7.2 Slight pink Va Slight pink 
14 7.2 Slight pink 7.2 Slight pink 
16 7.3 Pink 7.2 Slight pink Spoil 
7 @ Pink 7.35 Pink ne 
18 7.4 Pink 7.35 Pink 
19 7.4-7.5 Pink 7.3-7.4 Pink 





20 7.7-7.8 Deep pink 7.7-7.8 Deep pink =) 
21 7.9-8.0 Deep pink 7.8 Deep pink Spoiled 
23 8.1-8.2 Deep pink 8.0-8.1 Deep pink / 


volatile bases; it remained almost stationary or fluctuated between 7.0 and 7.2 
during days 7 to 16. After this period there was a sudden rise of pH from 7.2 to 
7.6 and at the end of day 21 the pH had reached 7.8 or above. The pH inside 
the muscle remained almost constant during the first 8 days; from days 8 to 16 
the rise in pH was from 7.0 to 7.2. At this period the shrimp were still of accept- 
able quality. During the next 8 days the pH rose from 7.2 to 8.0. A tentative 
pH value of 7.1 or less inside the muscle of shrimp is indicative of prime quality 
shrimp; values from 7.2 to 7.6 indicate a spoilage stage, and those greater than 
7.6 indicate definite spoilage. These pH value ranges are slightly different from 
those reported earlier (Bailey et a/., 1956). These differences can possibly be 
explained on the basis of different bacterial flora resulting in different protein 
degradation products. 

The bacteria responsible for spoilage changes in fish and shrimp are normally 
present and most active on the surface. Dyer et al. (1944) described for the 
determination of the bacterial load on the surface of fish a simple method that 
permits earlier detection of spoilage than when the inside muscle is used. How- 
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ever, in our tests of the use of pH as an index of spoilage of shrimp, we found the 
pH determinations are vitiated and at times may give erroneous results if the 
surface method of sampling is used. At the commencement of the experiment 
some difference between the pH values on the surface and the inside muscle is 
noticeable; however, during subsequent spoilage these differences in pH values 
become smaller and smaller. Because of the much smaller size of shrimp as 
compared with most commercial fishes, the pH on the surface of shrimp and 
inside the muscle is not very different, especially when the shrimp are spoiling. 
It is therefore suggested that pH values can be made more informative through 
being determined on the inside muscle in case of shrimp. 


USE OF PHENOL-RED TEST PAPERS FOR DETECTING SPOILAGE IN SHRIMP. 
This rapid method is based on the characteristic changes in pH occurring in shrimp 
as spoilage progresses. Of the indicators tried, phenol red was found satisfactory 
since it is very reactive and works in the range of pH 6.8 to 8.2. During progres- 
sive spoilage of shrimp the colour of the impregnated paper strips changes from 
deep yellow to deep pink. Based on numerous experiments, the tentative colour 
shades for different quality grades of iced shrimp are as follows: 


Good shrimp — No change in colour 
Spoiling — Pink 
Spoiled — Deep pink. 


Our further work has shown that pH changes within the vein cavity of 
shrimp (the peeled shrimp is given a very slight cut of only a few millimetres just 
sufficient to remove its vein) are more pronounced than either on the surface 
or interior portion of shrimp. If these test papers are placed in the vein cavity, 
the colour changes are very rapid and sharp. Field trials indicate that this test 
can supplement or replace organoleptic evaluation. This rough and rapid test 
can detect even the initial stages of spoilage.in shrimp within just a few seconds 
and therefore from the commercial practical standpoint this assumes some 
importance. Since this test is influenced by the environmental bacterial flora, 
trials should be made under practical conditions at any place where it is intended 
to use the test, to determine the shades of colours to be assigned to these test 
papers for indicating various stages of spoilage in local shrimp. 


ASSESSMENT OF SHRIMP QUALITY BY TURMERIC SOLUTION. During the first 
9 days of storage ‘‘Naran”’ and ‘‘Choodan”’ shrimp did not alter the yellow colour 
of alcoholic turmeric solution. At this stage the percentage transmission was in 
the range 70 to 82 (Fig. 4). Between days 9 and 17 both kinds of shrimps turned 
the yellow colour of turmeric solution into pale orange, the colour being slightly 
deeper in case of ‘‘Choodan’’. The intensity of colour in this period ranged 
between 60 and 70% transmission which marked the onset of spoilage. When 
the shrimp were in the definitely spoilt state the yellow turmeric solution acquired 
a deeper orange colour having a transmission of only 45 to 60%. The higher 
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rate of spoilage of ‘‘Choodan’’ was indicated by the comparatively greater 
intensity of orange colour they produced as compared to ‘‘Naran”’. 

The above turmeric solution test was further supplemented with turmeric 
test papers and the visual colour observations were as follows: 


Days 0to 9 — Nochange of yellow colour 
Days 9 to 17 — Pale orange 

Days 17 to 21 — Deep orange 

Above 21 days— Blood-red colour. 


ASSESSMENT OF SHRIMP QUALITY USING CATECHOL—FERRICHLORIDE REAGENT. 
The fresh-muscle tissue homogenate when mixed with catechol—ferrichloride 
reagent and filtered gave a pale blue filtrate having 65% transmission. During 
9 days of ice storage, both ‘‘Naran”’ and ‘‘Choodan’’ gave almost the same per- 
centage transmission, thereby indicating a similar pattern of spoilage (Fig. 5). 
The intensity of blue colour corresponded to a transmission of 50 to 65% during 
the first 9 days of ice storage. There was no appreciable change in the colour 
intensity between days 9 and 17 of storage. After 17 days the original pale blue 
colour deepened gradually and the colour intensity corresponded to 37.0% in 
case of ‘‘Naran’’ and 25.0% with respect to ‘‘Choodan’’. The greater depth 
of blue colour developed by ‘‘Choodan”’ as compared to ‘‘Naran’’ showed the 
comparatively high rate of perishability of the former. According to visual 
observation, the prime state of the shrimp was shown by the faint blue colour; 
bluer colour indicated the onset of spoilage, and definite spoilage was indicated 
by the deep blue colour. 
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The slight changes in test papers and catechol-ferric chloride reagent in the 
beginning may result from bacterial deamination of the free-amino-acid content 
of the shrimp muscle. When the shrimp were in definite state of spoilage, the 
colour further intensified. This increase in colour intensity may probably be 
due to ammonia liberated from free-amino-acid content of the shrimp plus the 
ammonia liberated from the breakdown of muscle protein due to rapid bacterial 
action. The above explanation seems to be in agreement with the results put 
forward by earlier workers who have reported that amino nitrogen decreases 
rapidly in iced shrimp during the prime quality phase, remains relatively constant 
during the second quality phase and then decreases rapidly during spoilage 
(Bailey et al., 1956). The decrease in amino nitrogen approximately equals 
increase in ammonia nitrogen and this is probably due to bacterial deamination 
of amino acids liberated from tissue protein (Beatty and Collins, 1939). This 
suggests that ammonia comes in the initial stages from free amino acid due to 


bacterial deamination and in the final stages from the breakdown of muscle 
protein. 


SUMMARY 


The estimation of trimethylamine and total volatile nitrogen was found to be 
unreliable and of limited usefulness in assessing the quality of ice-stored shrimp 
since these volatile bases are formed and leached out during progressive spoilage 
of the shrimp. As such no definite values of TMA-N and TVN can be suggested 
to indicate the three stages of spoilage of shrimp. 

Total bacteria plate count and pH determinations merit consideration to 
assess the quality of shrimp. The pH measurements can be made more satis- 
factory through the use of inside muscle rather than the surface of shrimp. 

Rapid methods based on use of strips of filter paper impregnated with phenol 
red or turmeric are described. During the progressive spoilage of ice-stored 
shrimp, the colour of such strips changes from an original deep yellow to deep 
red (phenol red) or to deep orange (turmeric). 

A catechol-ferric chloride test is also useful as an index of shrimp spoilage. 
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Alterations in Glycogen, Glucose and Lactate in Rainbow and 
Kamloops Trout, Salmo gairdneri, Following 
Muscular Activity ’** 


By EpaGar C. BLack, ANNE C. ROBERTSON, ARTHUR R. HANSLIP 


AND WING-Gay CHIU 


ABSTRACT 


Rainbow trout 1} years old (fall spawners) raised in the hatchery at Summerland, B.C., 
and 2-year-old mature spawning Kamloops trout (spring spawners) captured from Lake Okanagan, 
were subjected to 15 minutes strenuous exercise. Muscle glycogen was depleted in both groups. 
Following 30 minutes of moderate activity, muscle glycogen remained high in the 14-year-old trout. 
Liver glycogen levels were not significantly lowered during either strenuous or moderate exercise. 
Blood lactate levels were markedly elevated during 15 min of strenuous exercise and continued 
to rise for 2 hours of post-exercise recovery in both groups of fish. In the 14-year-old trout, blood 
lactate declined to resting levels at about the 8th hour of recovery, and was increased 3-fold 
following 30 min of moderate activity. Blood glucose and hemoglobin were not significantly 
altered during either strenuous or moderate activity. 

In the 14-year-old trout, starvation of up to 7 days duration resulted in a marked depletion 
of liver glycogen. There was little change in muscle glycogen, blood lactate, glucose or hemo- 
globin, regardless of whether or not the fish had been exercised at the beginning of the starvation 
period. Feeding during the period of recovery from 15 min of strenuous exercise resulted in 
increases in both muscle and liver glycogen levels. 


INTRODUCTION 


SEVERE MUSCULAR EXERTION in fish is followed by a marked rise in blood lactate 
(von Buddenbrock, 1938; Secondat and Diaz, 1942; Black, 1955 and 1957a, 
b, c; Parker and Black, 1959). The source of the lactate is believed to be muscle 
glycogen (Meyerhof, 1920). Blood lactate also increases in man following severe 
exercise (Bang, 1936; Dill et al., 1936; Crescitelli and Taylor, 1944). In man 
the post-exercise decline in blood lactate follows within an hour, but in fish, the 
decline to resting levels may not occur for 4-12 hours. Moreover, severe 
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Vancouver, Canada, and The Fish and Game Branch of the Department of Recreation and 
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disturbance to acid-base relationships may occur in fish (Secondat and Diaz, 
1942; Secondat, 1950; Black et a/., 1959). Presumably the slow disappearance of 
blood lactate in fish may be due, in part at least, to the slower rate of diffusion 
of lactate across living membranes at lower temperatures (Johnson et al., 1945). 
There is also the possibility that lactate utilization may not be as active in fish 
as it is in mammals (Drury and Wick, 1956; Huckabee, 1958). 

The work described in this paper was undertaken in order to relate the 
initial levels of glycogen in muscle to subsequent changes in blood lactate following 
exercise, for it has long been known that the level of glycogen in fishes is not 
high (Kilborn and Macleod, 1919; Greene, 1921; Fontaine and Hatey, 1953) as 


compared with muscle glycogen in mammals (Meyerhof and Himwich, 1924; 
Soskin and Levine, 1952, p. 10). 


METHODS AND MATERIALS 


The first group of fish were 13-year-old rainbow trout (Salmo gairdneri) 
previously spawned in the fall and kept in the Summerland Trout Hatchery at 
11.5°C on a diet of ground fish and mammalian viscera. Fish were fed each 
morning including the day of the experiment. In all cases, fish were in an 
unexercised condition prior to the experiments. 

Exercise was carried out as described in earlier papers (Black, 1955, 1957a). 
The exercise period was 15 min in the case of strenuous activity, and 30 min 
in the case of moderate activity. 

The second group of fish were fully mature spawning Kamloops trout (5S. 
gairdneri), probably 2 years old (i.e., spring spawners). These fish were captured 
by use of a seine in the mouth of the stream below the fish hatchery on Lake 
Okanagan. These fish were in the spawning condition and therefore not feeding. 
They were allowed to rest at least 2 days before being exercised strenuously for 
15 min in the outside ponds. 

The method of taking the blood samples and the methods of analyses were 
those used in previous work (Black, 1955, 1957a). In all instances, a blood 
sample was taken from the’ fish before it was sacrificed for subsequent sampling 
of muscle and liver. The samples for muscle glycogen analysis were taken by 
stunning the fish and then excising a core from the epaxial muscle above the 
lateral line just behind the gills. In most cases the entire liver was used for 
glycogen analysis. The samples were weighed rapidly on a triple-beam Welch 
scale and then transferred to boiling 60% KOH. 

The times taken to capture fish, withdraw blood and prepare muscle and 
liver samples and place them in hot KOH for digestion are presented in Table 
I for both groups of fish in 3 experimental states. When the length of time 
taken to prepare tissue was plotted against the yield of glycogen, no relationship 


p 
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TABLE I. Mean sampling times (in minutes and seconds), the Standard Error of the means (in 

seconds) and the range of sampling times (in minutes and seconds), measured from the time of starting 

to capture the fish. Data are for 14-year-old rainbow trout and mature spawning Kamloops 

trout (Salmo gairdneri) in the unexercised state, after 15 minutes strenuous exercise, and after 2 
hours recovery from 15 minutes strenuous exercise. 11.5°C. 1957. 
































{ 


14-year-old rainbow trout | Mature spawning Kamloops trout 
15 min 2 hours | 15 min 2 hours 
Unexercised | exercise recovery | Unexercised | exercise | recovery 
Time taken to capture 
Mean +S.E. 0:38+12.1 | 0:15+01.6 | 0:17+01.0 | 0:434+8.3 | 0:33404.2 | 0:26+05.1 
No. of fish il 10 10 11 17 14 
Range 0:15-2:10 0:08-0:20 | 0:10-0:22 | 0:20-2:00 0:10-1:15 | 0:07-1:10 
Time taken to draw blood 
Mean +S.E. 1:52413.7 | 1:414+18.9 | 1:144+08.7 | 1:234+10.6 | 1:02+09.3 | 0:44+06.1 
No. of fish 11 10 10 11 17 14 
Range 1:00-3:45 0:49-3:53 | 1:00-2:17 0:45-2:40 0:27-3:09 | 0:15-1:27 
Time taken to prepare liver sample 
Mean +S.E. 2:444+20.0 | 4:494+39.8 | 2:414+10.5 | 4:014+28.9 | 2:43412.3 | 2:46412.7 
No. of fish 10 10 10 11 17 14 
Range 1:42-5:05 2:31-9:23 | 1:46-3:42 | 2:30-7:20 | 1:39-4:54 | 1:34-4:10 
Time taken to prepare muscle sample 
Mean +S.E. | 3:51418.6 | 5:42437.7 | 3:36411.6 | 5:42444.5 | 3:404+14.3 | 3:524+13.4 
No. of fish 10 10 10 11 17 14 
Range | 2:50-6:00 | 3:31-10:03 | 2:26-4:27 | 3:40-11:30 | 2:24-5:59 | 2:29-5:27 











was found. It was concluded that no significant struggling occurred during 
sampling, and that no significant autolysis took place before digestion. However, 
in a direct experiment conducted in 1959, using a dry-ice-ethanol freezing mixture, 
30% autolysis in muscle glycogen occurred within 5 min of excision. No auto- 
lysis was noted in liver (Table II). 

The liver and muscle samples were boiled in 60% KOH for 4-6 hours. 
Following digestion, the tissue digests were transferred to Erlenmeyer flasks, 
stoppered, and shipped at the end of the season's work to the University of 
British Columbia, Department of Physiology, where analysis of glycogen was 
carried out by the phenol-sulphuric acid method of Montgomery (1957). 

The blood samples were hemolyzed and the proteins precipitated with 
solutions of barium hydroxide and zinc sulphate. Filtration was carried out 
within 4 hours and the filtrates were stored at 10°C overnight for analysis. 
Analyses for glucose and lactate were carried out never more than 24 hours 
from the time of sampling. Samples for hemoglobin determination were trans- 
ferred to dilute HCl, and acid hematin determinations were made in the Klett 
colorimeter within 4 hours from the time of sampling. 
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UNEXERCISED, SEVERELY EXERCISED AND RECOVERY STATES 
HEMOGLOBIN. 


trout (Black, 1957a). 


RESULTS AND DISCUSSION 


The hemoglobin level of 14.03 g% for 14-year-old rainbow 
trout (Table III) was higher than the 11.8 g% found for 2-year-old Kamloops 


There was a slight increase in hemoglobin level following 


exercise. While this increase is not significant, it possibly reflects a shift of 


water from the circulating blood to the tissues. 
decreased during the recovery period up to 24 hours. 


significant. 


In general, the hemoglobin level 


The decrease again is not 
These fish were not fed during this period. 


The hemoglobin level of 11.51 g% in spawning Kamloops trout (Table IV) 
was similar to that found in 2-year-old hatchery reared Kamloops trout (Black, 


1957a). 


in these fish and persisted until the 2nd hour of recovery. 


A slight rise in hemoglobin level was again found following exercise 


TABLE IV. Body weights, hemoglobin levels, blood levels of glucose and lactate, and 
muscle and liver levels of glycogen during 15 minutes strenuous muscular exercise and 
2 hours post-exercise recovery in mature spawning Kamloops trout (Salmo gairdneri). 



































11.5°C. 1957. 
1 | 2 4 
15 minutes strenuous 
Unexercised | exercise 2 hours recovery 
Weight Mean+S.E. | 540.2+32.59 431.9+19.66 443.9 + 33.06 
(grams) No. 12 17 14 
Range | 422.1-778.4 293.8-559.9 227.0-638.0 
Hemoglobin Mean+S.E. | 11.51+0.823 11.66 +0.492 12.99 +0.454 
(grams%) No. 11 17 14 
Range 5.31-14.52 6.77-15.38 9.54-15.88 
Blood glucose Mean+S.E. | 52.94+4.242 | 63.68 + 2.483 57.83 +4.298 
(milligrams%) No. 10 17 14 
Range 32.76-75.00 40.40-84.18 32.76-89.06 
Blood lactate Mean +S.E. | 7.2241.377 43.31+3.590 79.48 +9.124 
(milligrams%) No. 10 17 14 
Range 2.80-17.68 23.10-85.00 13.65-137.0 
Muscle glycogen Mean+S.E. | 0.378 +0.2054 | 0.048 + 0.0082 0.065 +0.0086 
(% wet weight) No. 10 17 14 
Range 0.032-1.920 0.009-0.107 0.021-0.133 
sss sseEpnSRSEReepeSeRed I SSS 
Liver glycogen Mean+S.E. | 0.834+0.4214 0.604 +0.1922 1.291 +0.4663 
% wet weight) No. 10 16 13 
Range 0.075-4.480 0.042-2.660 0.063-5.410 





MUSCLE GLYCOGEN. The muscle glycogen level of 0.085% wet weight for 
unexercised 14-year-old rainbow trout (Table III) was comparable to that 
found in a marine species, the scup, by Root et a/. (1931), and in the rainbow trout, 
Salmo gairdneri, by Miller et al. (1959). Most values for fish muscle glycogen 
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are much lower than those found in mammalian muscle (Soskin and Levine, 
1952, p. 10). 

The muscle glycogen level in spawning Kamloops trout (0.378%) was 
considerably higher than that in the 14-year-old hatchery-reared fish (Table IV). 

While there is a drop in the observed average glycogen level of muscle in 1}- 
year-old rainbow trout following 15 min of severe exercise, the change is not quite 
significant at the Poo: level (Table III). The glycogen level fluctuates widely 
during the recovery period (Fig. 1). One possible source of variation may be the 
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Fic. 1. Changes in blood levels of glucose and lactate, and in muscle and 

liver levels of glycogen in 14-year-old rainbow trout (Salmo gairdneri) during 

15 minutes strenuous exercise and 24 hours post-exercise recovery. 11.5°C. 
1957 
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failure of the fish to respond fully to stimulation. There is an indication from 
Fig. 2 that higher glycogen levels are correlated with lower blood lactates following 
15 min exercise. Alternatively, the fish may have operated on other than the 
glycogen-glycolysis system as a source of energy. 

A similar and more marked average depletion of muscle glycogen occurred 


in the spawning trout following 15 min exercise (Table IV). The difference again 
is not significant. 


0.25 


— 


0.15 


0.05 


Muscle Glycogen (% Wet Weight) 





0 


20 40 60 
Blood Lactate (mg %) 


Fic. 2. Relationship of muscle glycogen to blood lactate levels illustrating 
the variability of data for fish exercised strenuously for 15 minutes. 1}4- 
year-old rainbow trout (Salmo gairdneri). 11.5°C. 1957. 


LIVER GLYCOGEN. The resting value for liver glycogen in 14-year-old 
rainbow trout was 1.73% (Table III), a value which is lower than the 3.55% 
found by Tunison et a/. (1939) for spleen-fed brook trout fingerlings, Salvelinus 
fontinalis. The level appears to be about one-third that of mammalian liver. 
The ratio of liver glycogen to muscle glycogen is about 30:1 to 50:1 in fish, as 
compared to 10:1 in mammals. 

There was no significant change in liver glycogen immediately following 
exercise (Table III, Fig. 1). There was a steady decline in the level during the 
24 hours of recovery in fish which had not received any food during the recovery 
period. 








494 JOURNAL FISHERIES RESEARCH BOARD OF CANADA, VOL. 17, NO. 4, 1960 


In the mature spawners, the liver glycogen level was one-half that found in 
14-year-old hatchery trout. No significant change in the level was found after 
15 min strenuous activity (Table IV). 


BLoop LACTATE. The value of 7.86 mg% lactate (Table III) for the un- 
exercised condition in 14-year-old rainbow trout is very similar to the 8.6 mg% 
recorded for 2-year-old Kamloops trout in 1957. The blood lactate value of 7.22 
mg% (Table IV) for the mature spawners is also similar. 

The average level of blood lactate following 15 min exercise in 14-year-old 
trout was 48.72 mg% as compared with 78.6 mg% for the 2-year-old hatchery- 
reared Kamloops trout (Black, 1957a). In the mature spawning Kamloops trout 
which were taken from the lake, the blood lactate level of 43.31 mg% following 
15 min strenuous activity is slightly lower (Table IV) than that in the 14-year-old 
hatchery trout, and markedly lower than in the 2-year-old hatchery trout (Black, 
1957a). 

As mentioned above, Fig. 2 portrays the variability of the data for fish 
subjected to severe exercise for 15 min, and also the fact that low blood lactate 
is associated with high muscle glycogen. Assuming that total body water is 70%, 
that muscle tissue is 57% of body weight (Idler and Tsuyuki, 1958), and that 
lactate is distributed evenly throughout the body water, the average increase in 
lactate following 15 min exercise is considerably greater than the average loss of 
muscle glycogen. When a similar comparison is made for individual exercised 
fish, using the average unexercised lactate and glycogen levels as a basis for the 
calculation, the increase in lactate is found to be equivalent to or less than the 
decrease in muscle glycogen for 5 out of the 6 fish showing high blood lactate 
(greater than 50 mg“) and low muscle glycogen (less than 0.04%). In the fish 
which maintained a high muscle glycogen level (greater than 0.05%), and a low 
blood lactate level (less than 30 mg%) despite 15 min of supposedly strenuous 
exercise, the lactate produced could not be accounted for on the basis of glycogen 
lost. Evidently certain fish may not have responded fully to the stimulus 
provided. Presumably, the diet, manner of feeding, and time required for 
sampling were the same in all instances. 

The pattern of the blood lactate fluctuation during the recovery period for 
14-year-old rainbow trout (Fig. 1) is very similar to that noted before for Kamloops 
trout (Black, 1957a), lake trout (Black, 1957b) and sockeye salmon (Black, 1957c). 


BLoop GLUCOSE. The unexercised blood glucose levels in 14-year-old rainbow 
trout (68.76 mg%, Table III) and mature spawning Kamloops trout (52.94 mg%, 
Table IV) were similar to that observed for 2-year-old Kamloops trout (Black, 
1957a). In all cases, the values are close to those observed by Kiermeir (1939) 
for the same species. 

The course of the blood glucose changes in 14-year-old trout immediately 
following exercise and during the recovery period (Fig. 1) is the same as that 
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noted for lake trout (Black, 1957b) and similar during the last 12 hours of recovery 
to that of a previous study on Kamloops trout (Black, 1957a). That is, the 
blood level of glucose was maintained throughout, and increased significantly 
from the 2nd to the 12th hour of recovery. 

In the 2-year-old mature spawners, the values for blood glucose after exercise 
and 2 hours recovery are not significantly different from the unexercised condition 
(Table IV). 

All the factors contributing to the maintenance of the blood glucose level 
during the recovery period and during starvation may be involved in resynthesis 
of glycogen from lactate in the liver and subsequent mobilization of glycogen 
from the liver (Cori cycle). In any case, the level of glycogen in the liver 
decreased gradually during the recovery period. Fontaine and Hatey (1953) 
found that the blood level of glucose in migrating Atlantic salmon, Salmo salar, 
was well maintained despite the lack of feeding, and the demands on metabolic 
stores for muscular energy and for maturation of the gonad. 


MODERATE EXERCISE (STEADY STATE) IN 14-YEAR-OLD RAINBOW TROUT 


Experiments were carried out on fish swimming at a constant actual swimming 
rate of 18.9 + 1.71 metres per minute (62.0 + 5.65 ft/min) in a rotating chamber 
for 30 minutes. 

Muscle glycogen, in fish which were swimming steadily, was actually higher 
than the resting value, however, the liver glycogen was lower (Table III). After 
swimming steadily for 30 min, the blood lactate level was 23.17 mg% as compared 
with 7.9 mg% for the unexercised condition and 48.7 mg% for the fish severely 
exercised for 15 min. The value of 23 mg% for the steadily exercised fish com- 
pares with the 31.9 mg% observed for yearling Kamloops trout under similar 
conditions (Black, 1957a). The blood glucose level of the moderately exercised 
fish was 54.78 mg%, a value which was lower but not significantly lower than the 
resting state. Two interesting features about the constituents of the moderately 
exercised fish are first, the concordance of the blood lactate levels with the previous 
observations, and second, the fact that the muscle glycogen was not lower than 
the resting value. The suggestion is made that, during moderate exercise, muscle 
glycogen is not depleted. While the liver glycogen in moderately exercised fish 
is lower than the unexercised value, the difference is not significant. 


EFFECT OF FEEDING UPON RECOVERY FROM STRENUOUS EXERCISE IN 14$-YEAR- 
OLD RAINBOW TROUT 


The effect of feeding upon the level of muscle and liver glycogen has been 
known for many years for mammalian tissues (Peters and Van Slyke, 1946, pp. 
136-145). Both liver and muscle levels are lowered by starvation in mammals. 
From Table V and Fig. 3, it is clear that the glycogen level is higher in muscle and 
liver for fish which have been exercised and then fed during recovery, than for 
fish exercised and then starved during recovery. Curiously, the increase in the 
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level of muscle and liver glycogen resulting from feeding is greater in fish which 
have been exercised than in unexercised fish. The above comparisons refer to 
recovery periods of more than 2 days duration. 


° 20 40 60 80 
Blood Glucose mg % 


1-Unexercised 
2-15 Min Exercise 
3-Starved without Exercise 
3 Doys—{ 4-Starved Recovery from I5 Min Exercise 
5-Fed Recovery from |5 Min Exercise 
6-Storved without Exercise 
Blood Lactate 7 Days 7-Starved Recovery from I5 Min Exercise 
a 8-Fed Recovery from |5 Min Exercise 








LL Om 
° 0.5 LO 1.5 2.0 25 
\- Muscle Glycogen % of Wet Weight 


Liver Glycogen 
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Fic. 3. The effects of strenuous exercise, starvation and feeding on blood glucose and lactate, 
and muscle and liver glycogen in 14-year-old rainbow trout (Salmo gairdneri). 11.5°C. 1957. 


The levels of blood glucose under the various experimental conditions did 
not differ significantly from the control. 

Blood lactate in the experimental conditions did not differ significantly 
from the control level with the single exception of the lactate level following 3 days 
of starvation in unexercised fish. In the latter case, the average level of lactate 
was twice as high for the recovery condition yet the standard error is so great 
that no significance can be attached to the difference in values which must as yet 
be considered experimental error. 


CONCLUSIONS 


In the mammalian cycle of carbohydrate metabolism, the breakdown of 
muscle glycogen ends in the production of lactate, whereas, hydrolysis of liver 
glycogen ends in the production of glucose. The data presented above indicate 
that great quantities of lactate are produced as a result of vigorous muscular 
activity in fish, and that the yield of lactate comes from muscle glycogen. There 
was no change in liver glycogen immediately following activity in these experi- 
ments, nor was there an immediate change in the level of blood glucose. During 
moderate activity, that is, swimming at a constant cruising speed, the blood 
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lactate level may be slightly raised without any significant depletion of muscle 
glycogen stores. The effect of starvation in fish is apparently similar to that in 
mammals, consisting primarily of a marked depletion of liver glycogen. Except 
for the slow removal of lactate from the blood, the changes noted in carbo- 
hydrate metabolism in fish under conditions of exercise, recovery and starvation 
are concordant with the pattern established for mammals. 


SUMMARY 


1. The unexercised value for muscle glycogen in 13-year-old rainbow trout was 
0.085 + 0.0163% of the wet weight. This value decreased to 0.053 + 0.0213% 
following 15 min of vigorous exercise. The values during the recovery period 
fluctuated widely. The level of muscle glycogen did not decline during 30 
min of moderate activity (cruising speed 18.9 + 1.71 m/min). In mature 
spawning Kamloops trout, the unexercised muscle glycogen level was 
0.378 + 0.2054%, and the level after 15 min strenuous exercise was 
0.048 + 0.0082%. 


2. The unexercised level of liver glycogen in 13-year-old rainbow trout was 
1.73 + 0.280%. This value remained unchanged following 15 min of vigorous 
activity, but decreased steadily throughout 24 hours of starved post-exercise 
recovery. Liver glycogen fell to 1.28 + 0.104% following 30 min of moderate 
activity. In mature spawning Kamloops trout the unexercised liver glycogen 
level was 0.834 + 0.4214% and did not change significantly following 15 min 
of strenuous exercise. 


3. The changes in blood lactate levels during exercise and recovery followed the 
pattern previously described for salmonoid fishes. 


4. There were no significant alterations in blood glucose or hemoglobin levels 
during exercise or recovery. 


5. Starvation of 3 to 7 days duration caused a depletion in liver glycogen but 
very little change in muscle glycogen. Feeding during the recovery period 
from 15 min strenuous exercise resulted in marked increases in both muscle 
and liver glycogen. 


6. Starvation of 3 to 7 days duration had no significant effect on blood lactate, 
glucose or hemoglobin levels. 
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Effect of the Ingestion of Porrocaecum (Codworm) on Growth, 
Voluntary Intake and Feed Efficiency of Beagle Pups’* 


By E. W. Crampton’, E. DoNEFER‘ AND Donna J. ScHAD® 


Dept. of Nutrition, Macdonald College (McGill University) 
Macdonald College, Que. 


ABSTRACT 


In a series of four feeding trials involving 94 beagle pups, it was shown that supplementation 
of a control ration with codworms at levels up to 80 per day (equivalent to 80 per 1000 Calories 
of intake), did not significantly impair the efficiency of feed utilization or induce any deterioration 
in the general health of the pups. Digestibility of this control ration, which consisted of dog 
meal plus a meat source, was not significantly altered by the addition of 20 codworms to the daily 
intake of each pup. 


INTRODUCTION 


IN PAST YEARS, the presence of Porrocaecum (codworms) in cod fillets has reduced 
consumer acceptability of and affected the export market for this fish. At 
present the larvae are removed manually from fillets intended for human con- 
sumption, but it is estimated that 50% escape detection and are therefore subject 
to ingestion by man. 

To estimate possible undesirable effects of the accidental presence of cod- 
worms in the human diet*, beagle pups were fed 0.5 g per day of Porrocaecum 
in one experiment and 0.5 or 2.0 g per day in three experiments, the basis of 
comparison in each trial being a control group receiving the identical ration but 
without worm supplementation. 


EXPERIMENTAL PROCEDURE 


A total of 94 purebred beagle pups from the Macdonald College colony 
was used in the four experiments which extended over a 3-year period. The 
numerical distribution of pups within and between experiments is shown in 
Table I. In all tests the pups were weaned, vaccinated (distemper and hepatitis) 
and allotted to experimental groups at the age of 9 weeks. The experimental 

'Received for publication February 25, 1960. 

*This study was carried out under contract to the Fisheries Research Board of Canada. 

*Professor and Chairman of Department. 

‘Lecturer. 

‘Research Assistant. 


‘Pups were chosen as pilot animals because of the similarity between the dog and the human 
in many nutritional requirements and in responses to diet. 
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ration was fed over a period of either 42 days (Expt. 1) or 28 days (Expt. 2-4), 
during which time records of weight change and voluntary feed intake were 
maintained. 


TABLE I. Numbers and distribution of beagle pups 

used in four feeding trials to evaluate the effect of 

Porrocaecum ingestion on growth, voluntary intake 
and feed efficiency. 





Treatment (grams codworms/pup/day) 
Experiment ie aesieie 








No. 0 0.5 2 
No. No. No. 

1 26* 26* - 
2 4 4 4 
3 4 + 4+ 
4 6 6 6 


*Replicate 1, 9 pups; Replicate 2, 10 pups; 
Replicate 3, 7 pups; total, 26. 


The ration consisted of a dry meal mixture (Macdonald College Dog Meal) 
fed in conjunction with a daily allowance of ground beef (Expt. 1) or commercially 
canned dog food with a meat base (Expt. 2-4). The chief variation in experi- 
mental technique was in feeding methods, which differed within the first experi- 
ment and between the first and the succeeding experiments. In the first replicate 
of Expt. 1, each pup received 100 g of ground beef with or without added worms 
in the morning and was allowed meal to appetite after consuming the meat or the 
meat + worm mixture. In the second and third replicates, wherein digestibility 
determinations were carried out, the index material (chromic oxide) was in- 
corporated into a mixture of ground beef and dog meal which was available ad 
libitum. Worms, when given, were either hand fed or laid on top of the meal 
+ meat mixture. In each of Expt. 2 to 4 inclusive, the pups were given a daily 
allowance of 35 g of canned dog food. In groups receiving Porrocaecum, this was 
used as a carrier for the larvae. Dog meal was withheld until the meat or 
meat + worm mixture was entirely consumed and then was given ad libitum. 
Drinking water was available at all times. 

Codworms for feeding purposes were shipped either live in salt water from 
the Fisheries Research Board of Canada Technological Station at Halifax, N.S., 
or as frozen worms free of adhering tissue. When worms were received in the 
live condition, they were promptly removed from the fillets, packaged in units of 
0.5 g (approximately 20 worms) and frozen. 

As mentioned previously, digestibility studies were carried out in the second 
and third replicates of Expt. 1. Daily collections of fecal material were made 
during the last 2 weeks of each replicate and analyses for nitrogen, ether extract, 
caloric content and chromic oxide were carried out on these plus representative 
feed samples. From these data, digestion coefficients for dry matter, protein, 
energy, ether extract and total carbohydrate (by difference) were calculated. 
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Statistical analyses were performed to evaluate the effect of worm ingestion 
on digestibility as well as on average daily weight gains, average daily dry matter 
intake, and feed efficiency (grams feed required per gram gain.) 


RESULTS AND DISCUSSION 


The average daily gains of pups in the four experiments are shown in Table 
II. The only significant difference in gains attributable to worm level was 
apparent in Expt. 1 and in the overall means of Expt. 1-4, the gains of pups 
fed Porrocaecum (0.5 g per day) being significantly less (P = 0.05) than those 
of the control groupineachcase. | However, no significant differences in gain were 
evident when pups were fed up to four times this quantity of codworms, i.e. 2.0 g 
per day, in Expt. 2,3 or 4. Furthermore, it can be seen from Table III that the 
dry matter intake of pups fed Porrocaecum in Expt. 1 was less than that of the 
group receiving uncontaminated feed, although not sufficiently to be of statistical 
significance. It would appear, then, that the lower gains exhibited by pups 
fed codworms in Expt. 1 can be attributed to lower feed consumption. Addition 


TABLE II. Average daily gains (grams) of beagle pups fed two levels of Porrocaecum as 
compared with pups fed the uncontaminated ration. 
Treatment (grams codworm/pup/day) Standard deviation and 


Expt. No. pups least significant 








No. per lot 0 0.5 2.0 difference at P =0.05 
g g g 
SD = +9.6 
1 26 56,8 49.3 peal LSD = 5.3 
2 4 47.8 42.4 49.1 13.5 
3 4 33.0 34.4 40.2 13.5 
4 6 26.5 24.4 30.1 11.0 
Av. Expt. 1-4 40 49.0 43.4 nteta 4.3 


Av. Expt. 2-4 14 


34.4 32.4 38.4 cP. 


TABLE III. Average daily dry matter intake (grams) of beagle pups fed two levels of 
Porrocaecum as compared with pups fed the uncontaminated ration. 


Treatment (grams codworm/pup/day) Standard deviation and 


Expt. No. pups least significant 








No. per lot 0 0.5 2.0 difference at P = 0.05 
g g - 
SD = +34 
1 26 326 309 ets LSD = 18 
2 4 280 264 266 48 
3 4 199 203 218 48 
4 6 235 228 245 39 
Av. Expt. 1-4 40 295 282 ee 15 


Av. Expt. 2-4 14 238 231 243 26 
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of codworms did not significantly affect voluntary intake in Expt. 2, 3 or 4. It 
should be pointed out that the pups accepted their daily allotment of larvae readily 


and did not exercise any discrimination between meat and worms fed as a 
meat + worm mixture. 


With respect to feed efficiency, calculated as grams of feed required to produce 


one gram of gain (Table IV), none of the groups fed either level of Porrocaecum 
differed significantly from their controls. 


TABLE IV. Average feed efficiency (grams feed required per gram gain, f/g) of beagle pups 
fed two levels of Porrocaecum as compared with pups fed the uncontaminated ration. 


Treatment (grams codworm/pup/day) Standard deviation and 


Expt. No. pups least significant 








No. per lot ’ 0 0.5 2.0 difference at P = 0.05 
Sig fle fig 
SD = +3.0 
1 26 5.9 6.4 als LSD = 1.7 
2 4 6.1 6.2 55 4.2 
3 4 6.1 7.2 5.6 4.2 
4 6 9.3 12.8 8.6 3.5 
Av. Expt. 1-4 40 6.4 7.4 js 1.4 
Av. Expt. 2-4 14 7.4 9.3 6.8 2.3 





In Expt. 1, six pups in each treatment group were examined post mortem 
by a veterinarian, but no gross pathology was evident in any case. 

The results of digestibility determinations carried out in the second and third 
replicates of Expt. 1 are shown in Table V. Addition of codworms to the 
meat + meal ration of pups apparently had no effect on digestibility that was 
discernible in this experiment either as a trend or a statistically significant 
difference. 


TABLE V. Percentage digestibility of meat meal rations with and without added 
codworms (Porrocaecum)—Experiment 1 


Percentage digestibility 
Codworm level No. of —_—_—— —_—_—— 








(gram/pup/day) pups Dry Ether Total 
: matter Protein extract carbohydrate Calories 
0 17 66.2 69.8 85.7 67.6 69.8 
0.5 17 65.5 70.2 86.2 66.3 69.0 
LSD (P = 6.05) 2.4 3.1 2.6 3.2 2.4 


It would appear, then, that ingestion of Porrocaecum did not affect the gains, 
voluntary intake, efficiency of feed utilization or health of pups fed up to 80 
worms per day in conjunction with a meat + meal ration, the intake of which 
was approximately 1000 Calories per day. In relation to man, assuming a 
daily intake of 3000 Calories for an adult male, this is equivalent to consuming 
240 worms per day. Considering that the average level of contamination of fish 
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reaching the consumer is estimated to be one or two Porrocaecum per fillet and 
that one fillet constitutes an average serving, it would appear that the feeding 
of 80 codworms a day was more than adequate to test the possible effects of 
their ingestion and to allow the results to be related to those conditions which 
man can be expected to encounter. 


SUMMARY AND CONCLUSIONS 


Ninety-four beagle pups were used in a series of four experiments wherein 
the influence of codworms fed at levels of 20 or 80 per day on weight change, 
feed consumption and efficiency of feed utilization was measured. The only 
significant reduction in gains observed between control pups and those given a 
daily dose of 20 worms occurred in Expt. 1 and was associated with a lower feed 
intake so that calculated feed efficiency in the two groups was comparable. 
However, neither gain, nor feed intake or feed efficiency was significantly affected 
by feeding up to 80 worms per day in the second, third and fourth experiments. 
Digestibility of the meat-+meal ration, measured only in the first experiment, was 
not significantly altered when 20 codworms per day were fed, and, when 12 pups 
from this test were examined post mortem, they were found to be normal with 
respect to gross pathology. 

It is therefore concluded that feeding up to 80 Porrocaecum larvae to pups 
in a total daily intake of 1000 Calories does not exert any deleterious effects on 


gains, voluntary feed consumption, feed utilization efficiency, or the general 
health of the animals. 
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Facilities for Anadromous Fish Passage, 
Passamaquoddy Project ’* 


By M. C. BELL 


Consulting Engineer 
U.S. Bureau of Commercial Fisheries 
Mukilteo, Wash. 


AND C. H. CLay 


Canada Department of Fisheries 
Vancouver, B.C. 


ABSTRACT 


Consideration was given to the effects of building dams at the entrance to Passamaquoddy 
Bay between New Brunswick, Canada, and Maine, U.S.A., on the normal migration route of 
anadromous fish. Situations at filling and emptying gates and at the proposed power house were 
assessed and provisions to facilitate normal movements of anadromous fish recommended. 


INTRODUCTION 


THIS PAPER considers the facilities necessary for passage of anadromous fish if 
dams are installed across the entrance to Passamaquoddy Bay and Cobscook 
Bay to produce hydroelectric power. The proposed power project and the land 
and water masses involved are identified in Fig. 1. 

The basic assumptions made in discussing the facilities for passage of 
anadromous fish are: (a) That anadromous fish will require passage at all possible 
combinations of water levels because migration will extend over many tidal 
cycles and extreme tides might occur during the migration period; (b) That 
anadromous fish will be mainly attracted by outflow from the basin, and there- 
fore will not necessarily be attracted to the area of the filling gates, but because 
of the possibility of the presence of fish opposite them at some time during the 
ocean phase of their life, and because of the high velocities occurring during the 
filling cycle, some fish may be swept through the filling gates into the upper 
pool; (c) That the size of fishway required is a minimum which is not governed 
by the numbers of fish to be passed, even if the St. Croix River populations were 
to be developed to maximum capacity. The minimum design suggested in- 
corporates pools 8 ft wide, 10 ft long, and 6 ft deep which is the minimum that 


‘Received for publication March 14, 1960. 
2International Passamaquoddy Fisheries Board, 1956-59. Scientific Report No. 17. 
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Fic. 1. General layout showing location of facilities described in report. 
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will provide satisfactory hydraulic conditions for fish passage. This size is the 
same as that recommended by the St. Croix River Board for the facilities on that 
river; and (d) That swimming ability of Atlantic salmon is similar to Pacific coast 
steelhead, and that other anadromous species concerned are somewhat weaker. 


FISH PASSAGE INTO LOWER POOL 


Under full operating conditions it is expected that most of the fish seeking 
passage to all streams tributary to the lower pool (Cobscook Bay) and upper 
pool (Passamaquoddy Bay) would be attracted to the 70 emptying gates. At 
this point, all the fresh-water runoff from both basins would be discharged over 
a short period at each low tide. The discharge rate would vary up to a maximum 
of approximately 1,500,000 cubic feet per second (42,000 m*/sec) under spring 
tide conditions. From the data available and on the assumptions outlined, it 
is estimated that most fish will certainly not be able to ascend through the 
emptying gates to the lower pool at discharges over 1,000,000 cfs, and further it 
is unlikely that many will be able to ascend at discharges over 750,000 cfs. 
These correspond to maximum velocities of 16 feet per second and 12 fps 
respectively in the throat of the gates (4.9 and 3.7 m/sec). This means that fish 
will be able to ascend through the emptying gates only over a period which is 
considerably less than 50% of the time the emptying gates are open. 

The data supplied give the maximum discharge of 1,500,000 cfs with only 
3.3 ft of head on the gate structures. It is concluded from this that there is a 
high velocity of approach and high velocity downstream from the gates, which 
extends the area of high velocity through which the fish must ascend for some 
unknown distance above and below the gate structure itself. It is this distance 
which determines the upper limit of the velocity which the fish can ascend, and 
the best estimate possible has been made on this basis. 

Because passage is restricted to flows less than 750,000—1,000,000 cfs, it 
follows that the total time of migration, which is already short, is divided into 
two periods on each emptying cycle, one immediately after the gates open and 
a second before they close (Fig. 2). 

If it appears that these short periods are insufficient to ensure passage of all 
of the fish, then the period of passage could be lengthened to cover the whole 
emptying cycle by provision of a fishway at the north end of the row of emptying 
gates. It must be pointed out, however, that no fishway system in existence is 
operating under similar conditions of rapid change of flow and maximum flow. 
The flow out the gates is similar to the spillway discharge at a dam, and the 
largest comparable facilities are on the Columbia River where the flood flows 
are only half the proposed maximum at Passamaquoddy. 

A general indication of the type of facilities required is given in Fig. 3. It 
consists of a 30 ft channel with suitable training walls extending downstream to 
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Fic. 3. Fishway at 70 emptying gates. 


Emptying gote fishwaoy 


a point where access is possible for the fish (less than 12 fps maximum) and up- 
stream to a point where the fish can enter the pool without being swept back 
through the gates. Because of the rapidly changing conditions of head and 
velocity which will occur on the emptying cycle, it is felt a conventional type 
of fishway would not be practical. It is, therefore, tentatively proposed that this 
channel instead carry sufficient regulating gates to form a pool-type fishway with 
the head between pools regulated automatically to less than 12 inches (30 cm). 
When the pool and the sea-level balance, the fishway would be closed off in the 
same way as the emptying gates. 

Without local cost data and more detailed planning, it is difficult to set a cost 
on such a structure, but it would certainly be more than the cost of one emptying 


gate bay. It is felt that an additional $500,000 might cover the necessary 
additional walls and gates. 
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FISH PASSAGE AT POWERHOUSE 


Fish passage facilities will be required at the powerhouse in order to ensure 
maintenance of any runs to tributaries of the upper pool, including the potential 
runs to the St. Croix River (Fig. 1). A set of facilities to completely ensure fish 
passage should include a collection system which would be the most expensive 
part. The powerhouse length approximates that at The Dalles Dam on the 
Columbia River, and the discharge is of the same magnitude. On the basis of cost 
allocations used by United States Army Corps of Engineers, the Dalles collection 
systeni cost $7,000,000 with facilities for the water supply costing another 
$3,600,000. If less than conventional facilities are to be considered because of 
the size of the runs, a much cheaper system could be developed for the Passama- 
quoddy powerhouse, utilizing fixed entrance ports and a centralized water supply 
system (Fig. 4). This would cost in the neighbourhood of $2,000,000, and would 
deliver the fish to one fishway of the minimum dimensions indicated previously. 

Without the collection system, because of the length of the powerhouse, there 
could be no guarantee that fish would all pass upstream even with a fishway at 
each end of the powerhouse. However, since fishways at these points without the 
collection system would be comparatively cheap, and would undoubtedly have 


Extreme high T. W. Elev. 13.5 
_[/ Reet aot left open 
r| Entrence port 
1'- 0" wide x 8'-O" high 
Q+ 50 cts. 


Av. TW. Renge 


COLLECTION 





Fic. 4. Powerhouse collection system. 
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some value in maintaining at least part of the run, they might be considered 
as the very minimum facilities that could be provided. These fishways would 
be as shown in Fig. 5 without the collection system shown, and would cost 
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Fic. 5. Powerhouse fishway and collection gallery. 
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approximately $100,000 each, or $200,000 each if an auxiliary water supply is 
provided for attraction at the entrance. 

It should be pointed out here that passage of anadromous fish is possible, 
to a degree, at all points in the project with the exception of the powerhouse, so 
that this would appear to be the first location where facilities should be considered. 


FISH PASSAGE INTO UPPER POOL 


THROUGH THE 40 FILLING GATES AT LETITE PASSAGE 


While it is possible that anadromous fish will be swept into the upper pool 
through the filling gates, it is not believed they will be attracted to the area of 
the gates in any numbers. If this is the case, no fish passage facilities need 
be provided. If, however, there is enough leakage through the gates to attract 
fish and cause them to delay and injure themselves, two courses of action would be 
possible. First, the navigation lock could be so designed as to permit a continuous 
discharge of water with lock lowered. It could then be used as a fish lock to pass 
fish along with shipping or separately if no shipping were present. Secondly, a 
fishway could be built at one end of the gate structure, as shown in Fig. 6. This 
fishway would require 20 pools of the minimum dimensions indicated earlier and 
would cost about $100,000. An auxiliary water supply to augment the small 
flow from the fishway for attraction purposes would be desirable which would cost 
an additional $100,000. 


THROUGH THE 50 FILLING GATES AT INDIAN RIVER 


The same comments would apply here, except that fish are more likely to be 
in this area because of the presence of less saline water from the emptying gates. 
Here again fish facilities might not be necessary if continuous leakage is not 
extensive. If it is extensive, fish attracted to the emptying gates but unable to 
pass into the lower pool during the high stage of the tidal cycle, could be attracted 
to the leakage from the filling gates and be held there. In this case a fishway 
similar to that shown for Letite Passage in location and cost would be required. 


DOWNSTREAM PASSAGE AT POWERHOUSE 


There is one feature of the project for which it is not possible to make recom- 
mendations at the present time. This is the possibility that adult fish which are 
returning to spawn in streams tributary to the lower pool may enter the upper 
pool. This is possible even with no facilities at the filling gates. It is assumed 
that they could find their way to the lower pool via the turbines, but the loss, 
if any, cannot be predicted. It might be possible to make tests to determine 
this however. If losses were known to be significant, consideration could be 
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given to the development of a headrace screen with bypass to ensure safe passage. 
This is not recommended without tests to prove its need, however. In addition, 
no provision is considered to exclude upstream migrants from the draft tubes, 
since this would inevitably interfere with the downstream migration. 


SUMMARY 


In the following cost summary, the first item has been indicated to be the one 
essential item needed to guarantee any degree of maintenance of anadromous 
fish runs to tributaries of the upper pool. Items 2, 3, 4 and 5 assure more success- 
ful passage of these fish. Item 4, which covers fishways at the filling gate 
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structures, is required only if sufficient leakage occurs through these gates to attract 
fish and cause them to be delayed and injured. 


1. Minimum facilities at power house 


I Soa cide batnaniigeirmsdibieseninsons $200,000 

a IID 5 cu csxcevssisndessnusvonssiscnbesesieessseopsbespisocouaneenenseceosthtoy 200,000 
2. Conventional facilities at powerhouse 

GF Sess checsnb sled ndsbaupttoovsovbneniinsheveseoventoneds 2,000,000 

One fishway plus auxiliary water....................... esl pesetelbeacgpease na csccapeipcais phekdussssiidbiaasaeaea 200,000 
3. Emptying gate fishway 

I asc nns a NN Mal tins aa 500,000 
4. Filling gate fishways 

Fishway Indian River............. ssp lasiustcok siesdiintigscatinesoascasaccllenes onshlcae ecaatpanidioeacenbotatioak acelin 100,000 

a ct cenenieci Sai cayseea Macarena ea mncah tea poe tae eaNIN 100,000 

aI a IID, << onsnomntecniczban dons veicpentprarsncbwecetesel stesediipeomi oben 200,000 
an en RE sods de ssinsppeSobvencinenbenedicsib ue beens sub uvbasuaaseaponeaioetorenened (no estimate) 


The Vertical Migration of Mysis relicta in Lakes 
Huron and Michigan” 


By ALFRED M. BEETON 


U.S. Bureau of Commercial Fisheries 
Fish and Wildlife Service 
Ann Arbor, Michigan 


ABSTRACT 


During the day Mysis relicta could be taken only near the bottom of Lakes Huron and 
Michigan. In the evening they migrated into the overlying strata as the surface light intensity 
decreased from 15 to 1 foot-candles. Frequently the mysids migrated through the metalimnion 
when first ascending, but later in the night the majority occurred in or immediately below this layer. 
As the length of day decreased following the summer solstice, the mysids ascended progressively 
earlier each evening and descended later each morning (they descended when the surface light 
intensity was increasing from 10-* to 10-* foot-candle). Moonlight and fog influenced the extent 
and time of vertical migration. 

The optimum light intensity for mysids is so low that they are concentrated near the bottom 
during the day. As the light decreases at sunset, they move upward rapidly; possibly because of 
a positive reaction to decreasing light. Their night-time distribution is determined by their 
response to the existing light and thermal conditions. Their dawn descent may be due to a photo- 
negative condition which originated during the night. 


INTRODUCTION 


LIMITED DATA on diurnal changes in the vertical distribution of the opossum 
shrimp, Mysis relicta Lovén, have been interpreted as active vertical migrations 
by several investigators (Dakin and Latarche, 1913; Juday and Birge, 1927; Valle, 
1930; Southern and Gardiner, 1932; Langford, 1938; Larkin, 1948). Recently, 
however, Holmquist (1959, p. 180) has stated: 


The supposed diurnal migrations, which were often referred to in the literature, are apparently 
not regular migrations .... The observations of pelagic specimens in surface water during the 
night may be ascribed merely to the fact that some few specimens of the population go astray 
during the dark hours when the absence of light widens the tolerable world around them. 


Holmquist’s skepticism is justified in part, since most comments on vertical 
migrations of M. relicta are based on scanty observations to the effect that they 
can be captured near the surface at night and not during the day (Dakin and 
Latarche, 1913; Juday and Birge, 1927; Larkin, 1948). More comprehensive 
studies of their vertical movements have been inconclusive since only a relatively 
few mysids were captured (Southern and Gardner, 1932; Langford, 1938). 
Vertical migrations of marine mysids are, however, well documented (Russell, 
1927, Fage, 1933; MacKintosh, 1934; Tattersall and Tattersall, 1951; Hulburt, 
‘Received for publication, February 23, 1960. 


2Based on a thesis submitted in partial fulfilment of the requirements for Ph.D. degree, 
University of Michigan, 1958. 
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1957). It seems reasonable that freshwater mysids should demonstrate similar 
behaviour. 

This study had three objectives: (1) to ascertain whether the ascent of M. 
relicta into the upper water strata at night is a true vertical migration; (2) to 
determine which environmental factors may govern this behaviour; (3) to deduce 
possible ways in which these factors exert their influence. 

Knowledge of the vertical migration of mysids as well as other crustaceans 
that live on or near the bottom in the deeper waters of the Great Lakes is of 
consequence, since the numerous studies of food habits of Great Lakes fishes have 
shown they are important fish-food organisms, significant in the trophic cycle of 
the lakes. The importance of these vertical migrations to the trophic dynamics 
of freshwater as well as marine environments has received little consideration. 
Frequently it has been stated that in areas where there is little or no vertical 
mixing of the water, biological-productivity cycles must occur im situ. Further- 
more, it has been suggested that bottom organisms must rely upon peaks in epilim- 
nial productivity cycles that precipitate organic matter to the bottom 
(Beklemishev, 1957). Neither of these concepts gives sufficient consideration 
to the extensive migrations of plankters and certain bottom organisms from the 
hypolimnion into the epilimnion. Most of these animals feed on detritus that has 
settled from the overlying water, but many can feed on plankton by migrating 
into upper strata. Consequently, their daily vertical movements afford a means 
whereby nutrients are transported to other trophic levels during periods of limited 
vertical mixing. 

The review of the manuscript and valuable suggestions made by Drs David 
C. Chandler, Ralph Hile, and Stanford H. Smith are gratefully acknowledged. 


METHODS 


Field work was conducted aboard the research vessel Cisco of the Great 
Lakes Biological Laboratory, Bureau of Commercial Fisheries. Ten vertical- 
migration studies were conducted in Lake Michigan—7 series of samples were 
taken at Station 13 about 8 miles west of Grand Haven, Michigan (43°03’00" N; 
86°24'10” W), June through November 1954, and 3 at Station 76e approximately 
3 miles southwest of Frankfort, Michigan (44°34'/00” N; 86°18’40” W), June, 
August, and October 1955: One study was made in Lake Huron at Station 69 
about 26 miles northeast of Harbor Beach, Michigan (43°58’30” N; 82°08’40” W), 
in August 1956. 

Three plankton-sampling devices were used: Clarke-Bumpus samplers, No. 
2- and No. 10-mesh silk nets; }-metre nets, No. 32 grit cloth’; and }-metre nets, 
No. 2 mesh and No. 32 grit cloth. Horizontal tows were made with the Clarke— 
Bumpus samplers. These samplers were calibrated by towing them a known 
distance. The }-metre nets were attached to trawls either at the middle of the 
float lines, approximately 1.8 m off the bottom when the trawl was in operation, 
or on the rope connecting the float and lead lines approximately 0.6 m off the 


®The number of meshes in these straining fabrics is as follows: No. 2 silk, 54 meshes/inch or 
21/cm; No. 10 silk, 109 meshes/inch or 43/cm; No. 32 grit cloth, 37 meshes/inch or 14.5/cm. 
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bottom. Data from the nets attached to trawls served only to indicate the occur- 
rence of Mysis. Nonclosing }-metre nets were used for a few collections in 1954. 
A special $-metre closing net, made of 32 grit cloth and canvas, was used in 1955 
and 1956. The grit-cloth section tapered from a diameter of 50 cm to 6 cm, within 
a length of 175 cm. The canvas formed the cylindrical front of the net, 50-cm 
diameter, 60-cm length. The tripping mechanism for opening and closing this net 
was devised by Leavitt (1935). Welsh, Chace, and Nunnemacher (1937), and 
Leavitt (1938) modified this mechanism and described its use in considerable 
detail. Tows made with }-metre nets were horizontal. The volume of flow 
through the closing }-metre net was calculated from data on the ship’s speed and 
exact time between opening and closing the net. Records for tows made with 
nonclosing 3-metre nets were not treated as part of the quantitative data. A 
bronze depressor plate exerting a vertical pull of approximately 700 lb (320 kg), 
kept the nets at a constant depth. Tow depth was determined by the relation- 
ship between the length of cable below the surface and the angle between the 
surface and cable. Additional information on field operations is given by Wells 
(in press). 

Quantitative data on the vertical distribution of M. relicta are presented as 
number of mysids per 5,000 litres, to facilitate the use of information from both 
the }4-metre net and the Clarke-Bumpus samplers. The stated number of 
mysids present at a given depth is recognized as an approximation, but one with 
considerable quantitative value. All quantitative data for 1954 are from Clarke— 
Bumpus samplers. Information on the number of mysids taken per tow with 
nonclosing 4-metre nets, although not quantitative, provides additional data 
on the times of ascent and descent (Table 1). Quantitative results of sampling 
with the Clarke-Bumpus samplers and closing }-metre nets in 1955 and 1956 
are combined in Tables II and III; agreement between data obtained with the 
Clarke-Bumpus samplers and the closing 3-metre net was reasonably good. The 
Clarke-Bumpus samplers probably gave more accurate estimates than did the 
3-metre net because of the flow metres on the samplers. The assumption that 
flow through the }-metre ring was not reduced by the grit cloth net is of question- 
able accuracy since the extent to which this net would reduce the flow is unknown. 

Continuous records of surface temperatures were obtained from a resistance 
thermometer. Reversing thermometers attached to Nansen bottles, and bathy- 
thermographs, were used for subsurface temperatures. 

Light-penetration measurements were made with a pair of Model 856YR 
Photronic photoelectric cells, matched for output and linearity, and a Model 
622 Weston microammeter. Light intensity at the surface was measured with 
one photoelectric cell and subsurface intensity with the other. Nine pairs of 
matched Corning-glass colour filters were used with the photoelectric cells to 
determine the spectral transmission of Great Lakes waters. The glass colour 
filters employed were No. 2404, 2418, 3482, 3384, 3387, 3389, 3850, 7380 and 
5970; the spectral transmission of these filters is given by Corning Glass Works 
(1948). 

Light-intensity measurements were not made in 1954 and 1955. Consequently, 
values for surface light intensity were calculated from graphs published by Brown 
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TABLE I. Vertical distribution of Mysis relicta at Station 13 (depth, 74 metres) in Lake Michigan, 

1954. Number of sexually differentiated (D) and sexually undifferentiated (U) mysids per 

5,000 litres. Clock times indicate the start (at surface) and end (deepest sample) of a series 
of tows approximately 10 minutes apart. 









































Sites ane Type Depth (metres) 
time | of Surface 10 20 30 | 40 
(EST) sampler* |__| -—__ |~—_ \ ce reccr 
D Y 12 - a @ . Toe U D U 
| deeded enasicataneats dl citmeainaittlinien telling innate imminent | : 
June 6 
14:00—14:20 | C-B 0.0 0.0 0.0 0.0 ee 
16:00—16:20 C-B 0.0 00 | 00 0.0 coe ove coe 
18:00-18:20 C-B 0.0 0.0 | 00 0.0 _— ie ME _— 
20:40-—21:00 | C-B 0.0 00 | 00 | 00 | ° 
22:00-22:20 | C-B 0.4 0.4 3.2 | 38.1 bisa ae ea eo eos | 
24:00-00:20 C-B 0.0 1.8 1.0 21.8 eee coe cee coe eee | 
01 :00-01:10 C-B 0.0 6.7 ove ove e ° ° 
June 27-28 | | 
22:00—22:30 C-B 0.0 0.0> 22.3 102.8 8.5 46.3° coe ‘nn. 1 ese eee 
24:00-00:50 C-B 0.0 0.0 12.3 |100.7 4.2 24.0 0.7 20.5 0.7 6.64 
02 :00-02:40 C-B 00 | «0.0 0.0 0.0 6.5 31.2 see eee 0.0 0.0° 
03:30-03 :40 M coe eee soso he — eee oe eon eve eee 
04:00—04:50 C-B 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0 | 0.0 0.0 
| 
July 16-17 
19:00-19:50 | C-B | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 
21:00-21:50 C-B 0.0 0.0 0.0 9.6 2.1 52.9 0.8 5.2 2 3.2 
23 :00—23:50 C-B 0.0 0.0 0.0 0.0 2.0 86.1 3.9 13.7 1.5 1.5 
01-00-01 :50 C-B 0.0 0.0 0.0 0.0 0.4 11.4 8.6 32.6 5.1 3.5 
03 :00—03 :50 C-B 0.0 0.0 00 6 | «(0.0 0.0 4.6 11.1 38.5 7.8 6.1 
04:30—05 :20 C-B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
| 
August 7 | | 
17:30-18:20 C-B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
19:45-20:35 | C-B 0.0 0.0 0.0 0.0 0.0 | 0.0 5.6 7.2 0.0 4.4 
21:30-22:20 C-B 0.0 0.0 0.0 0.0 12.0 | 45.7 a7 i a7 0.6 1.6 
23:00-23:50 C-B 0.0 0.0 0.0 0.0 8.4 20.7 | 0.7 3.8 0.4 0.0 
August 27-28 
17:45-18:35 C-B 0.0 00 || «(00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
18:45-19:15 M 0.0 0.0 | 0.0 0.0 0.0 | («0.0 See eee ese eee 
19:30-20:20 C-B 0.0 0.0 0.0 0.0 | 0.0 0.0 0.0 00 5.6 27.0 
20:30-21:00 M 0.0 0.0 ooo Jae seo. tae see eee ove ee 
21:00-21:50 C-B 0.0 0.0 43.7 65.3 |101.8 | 91.5 44 37.5 7.0 10.5 
23:00-23:50 C-B 0.0 0.0 12.2 12.2 | 206.3 150.0 0.0 40.0 12.9 16.5 
02:45-03:15 M 0.0 0.0 oie 50° coe J ° oo eee ee 
04:45-05:15 M 0.0 0.0 0.0 0.0 ee 75! oe . 
06 :00—06:20 M 0.0 ‘ 0.0 ee ee 0.0 0.0 Se° coe . 
October 7 
17:15-18:05 C-B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
18:00—-18:30 M 0.0 0.0 0.0 0.0 0.0 0.0 ine oes cee eee 
18:45-19:35 C-B 0.0 0.0 0.5 0.0 25.8 46.8 2.6 3.4 0.0 0.0 
21:15-22:05 C-B 0.0 0.0 0.6 1.8 8.3 11.1 31.0 11.6 4.7 0.7 
November 18 
16:30-17:20 C-B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.7 
18:00-18:40 C-B 0.0 0.0 8.3 11.5 15.3 5.5 7.0 2.2 eee coe 
20:00—20:50 C-B 0.0 0.7 81.0 29.0 2.8 1.4 7.7 1.7 7.8 0.4 
22:00-22:50 C-B 0.0 0.0 27.9 11.3 10.0 3.5 15.1 6.8 5.3 1.3 


*C-B, Clarke—-Bumpus sampler; M, }-metre net. 
>Tow at 4.5 metres. 

Tow at 14.0 metres. 

4Tow at 50.0 metres. 

*Tow at 60.0 metres. 

Approximate number of all mysids collected. 
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TABLE II. Vertical distribution of Mysis relicta at Station 76e (depth, 46 metres) in Lake 

Michigan, 1955. Number of sexually differentiated (D) and sexually undifferentiated (U) 

mysids per 5,000 litres. Clock times indicate the start (at surface) and end (deepest sample) 
of a series of 5-minute tows spaced about 10 minutes apart. 















































ae Type Depth (metres) 
time of Surface 5 10 20 30 38 
(EST) Pe eee en rear renes } 
D U D U D U D U D U D l 
June 30 
18:00-19:00 C-B 0.0 0.0 0.0 00. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
20:30—21:30 C-B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.0 38.4 1.8 3.7 
23:30-00:30 C-B 0.0 0.0 0.0 0.0 0.0 0.0 0.8 18.7 1.2 6.1 0.8 8.8> 
July 24 
16:15-17:15 C-B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 0.0° 
17:15-17:55 M 0.0 0.0 0.0 0.0 0.0 0.04 eee ese eee cee 0.0 0.0> 
18:15-19:15 C-B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.06 
19:15-19:55 M 0.0 0.0 0.0 0.0 0.0 0.04 eee eee coe ene coe | oO 
20:15-21:15 C-B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 75.2 0.0 2.2» 
21:15-21:55 M 0.1 0.1 0.2 2.5 3.1 16.84 eee cee eee eee 0.3 3.1 
22:45-—23:45 C-B 0.0 0.6 74 | 38.4 6.0 | 40.1 2.5 8.4 0.5 1.5 0.0 0.06 
23 :40-00:20 M 1,0 16.1 1.2 9.6 1.0 9.24 ces ese eee eee 0.2 3.4> 
October 2 
14:00—15:00 C-B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15:15-15:45 M 0.0 0.0 eee cee swe See 0.0 0.0! 0.0 0.06 eee oes 
16:20—-17:20 C-B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17:25-18:00 M 0.0 0.0 eee vee oe see 0.0 0.0! 0.0 0.0 0.0 | 0.0 
18:00-—19:00 C-B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 | 1A 
19:05-19:45 M 0.0 0.0 oes eee 6.60 coe 0.1 0.1! 2.6 3.88 0.1 0.1 
20:20—21:20 C-B 0.0 0.0 0.0 0.0 0.0 0.0 2.5 1.3 19.0 | 24.1 2.2 2.2 
21:20—22:00 M 0.0 0.0 eae ees eee eee 0.1 0.1! 0.7 0.9 0.0 | 0.0 
22:30-23:30 | C-B 1.4 1.4 1.2 0.0 0.0 0.0 0.0 0.0 2.2 0.0 2.2 | 0.0 
*C-B, Clarke-Bumpus sampler; M, }-metre net. *Net hit bottom, approximate number of mysids. 
>Tow at 40 metres. : !Tow at 18 metres. 
©Tow at 45 metres. Tow at 32 metres. 


4Tow at 13 to 15 metres. 


TABLE III. Vertical distribution of Mysis relicta at Station 69 (depth, 101 metres) in Lake 

Huron, August 25-26, 1956. Number of sexually differentiated (D) and sexually undifferentiated 

(U) mysids per 5,000 litres. Clock times indicate the start (deepest sample) and end (shallowest 
sample) of a series of 5-minute tows spaced about 10 minutes apart. 




































































Depth (metres) 
Time Type . 
(EST) of Surface 5 23 31 50 63 
i eee ee 
D U D U D U D U D U D U 

19:30-19:40 M oak Ses lea nae ae ee eas cia avs «++ | $3.0 | 29,06 
19:40—20:20 M er er 0.0 0.0 0.0 0.0° | 0.1 is ad 0.2 0.1¢ 
20:25-21:00 C-B eee ae aes es 5.4 9.2 2.6 7A 0.6 2.5 es 
21:45-22:30 M Cat sida 0.5 1.5 1.2 6.9 0.0 0.0 ae wie 0.0 0.0 
22:30-23:40 C-B 0.0 0.0 0.5 0.0 0.0 74 3.0 | 13.3 es ave 0.0 3.2¢ 
00:15-01:10 | C-B 0.0 0.0 0.0 2.7 7.0 | 22.2 ee ane 0.0 0.0 
01:15-02:00 C-B oie site 0.0 0.0 0.0 8.0 2.1 | 35.7 ea eo 0.0 0.8 
02:10—02:50 C-B hats td 0.0 0.0 0.0 3.0 45 | 19.4 0.0 | 10.0 
03:15-03:55 C-B 0.0 0.0 0.0 0.0 0.8 | 10.9 0.0 1.9 
04:00-04:35 C-B wat a pe 0.0 0.0 0.0 7.9 1.4 0.0 
05 :00—-05:20 C-B tala aia gas a he pe 0.0 0.0 1.6 | 11.1 
05 :30-05:40 c- cad re em <es cee ‘es a sae 0.0 0.0 





*C-B, Clarke-Bumpus sampler; M, }-metre net. 4Tow at 34 metres. 
>Bottom tow. 101 metres. Tow at 60 metres. 
Tow at 27, metres. 
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(1952). Eastern Standard Time (EST) was changed to Local Apparent Time 
(True Sun Time) to facilitate the calculations. These data have been plotted on 
the graphs of vertical distribution; appropriate corrections were made for cloud 
cover and moonlight. Light measurements made aboard the Cisco on August 
25, 1956, agreed to within 2 to 4 foot-candles with Brown's data after corrections 
for cloud cover. 


Additional physical data such as wind, sea state, and cloudiness are entered 
routinely in the ship’s log. 

Surface and subsurface water samples were obtained by Nansen bottles. 
Determinations of dissolved oxygen and pH were conducted aboard the Cisco. 
The unmodified Winkler method was employed for dissolved oxygen and pH was 
determined by a Hellige colour comparator. Conductivity measurements were 
made at the laboratory in Ann Arbor, Michigan. 

The mysids were separated into 3 groups (females, males, and sexually un- 
differentiated), on the assumption that individuals within these groups might 
have physiological differences. The last group consisted of small individuals 
averaging less than 9 mm long for which sex could not be determined. Males 
are readily recognized, while they are still small (9 mm), by the presence of a conical 
lobe (appendix masculina) at the distal end of the third segment of the anten- 
nular peduncle. As the males become larger the 3rd and 4th pleopods show 
allometric growth. Females are less easily recognized but the characteristic 
oéstegites which form the brood pouch make their appearance as outgrowths 


from the coxal joints of the endopods of the 7th and 8th thoracic limbs when the 
females are 9 to 10 mm long. 


VERTICAL DISTRIBUTION AND MOVEMENTS 
DIFFERENCES IN DISTRIBUTION DURING THE Day AND NIGHT 


Numerous collections made at various depths from the surface to the bottom 
show that M. relicta could be taken only in the stratum immediately above the 
bottom during the day (Tables I and II). Records from other collections not 
tabulated here show that this stratum was rather thin at depths shallower than 
91 m; mysids were seldom found by day 1.8 m above the bottom in this region, 
although they were abundant 0.6 m above the bottom. As progressively deeper 
areas were sampled they were captured farther off the bottom—as much as 7 m 
at 152 m. Small mysids were frequently found farther from the bottom than 
the large individuals. These observations agree with those of other investigators, 
although Southern and Gardiner (1932) took small mysids at all depths in Lough 
Derg in February and March, and Larkin (1948, p. 25) reported that ‘‘On rare 
occasions Mysis was observed at the surface in full daylight.” 

The vertical distribution of M. relicta during the night was decidedly different 
from the daytime distribution, since mysids were taken in the upper strata when- 
ever it was sampled at night. Evidently these vertical movements occur within 
each 24-hour period. Mysids were collected in the upper strata during 16 nights 
in Lake Michigan in 1954 and 1955, and on 2 nights in Lake Huron in 1956. 

The similarity among the records of night-time distribution of M. relicta for 
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3 different years, at different times during the year, and in two of the Great Lakes 
indicates that the mysid’s vertical movements are regular migrations. The 
migrations varied somewhat but all had certain common characteristics. Most 
variability could be explained on the basis of the effects of environmental 
conditions. 

The vertical migration of M. relicta resembled that described for Crustacea 
as a group by Cushing (1951), except M. relicta did not migrate upward again at 
dawn. As will be demonstrated later, light is the major environmental factor 
which “‘triggers’’ and controls these migrations, while thermal conditions inter- 
act with and modify the influence of light. 

Mysids were not present in the upper strata until late in the evening, usually 
by 21:00 EST. The greatest aggregation was in or immediately below the 
metalimnion. Sometimes they migrated through the metalimnion, when first 
ascending, but later in the night they usually aggregated in this zone and there- 
after only a few mysids were above it. On some nights mysids came to the 
surface, more often they came no nearer than 10 m, and on some occasions only 
to 20 m below the surface. The distribution tended to become random during 
early morning, and although the tendency to aggregate in some particular stratum 
persisted, it was less pronounced than earlier in the night. Capture of fewer 
mysids toward dawn indicated that some individuals may have returned to the 
bottom. All mysids disappeared from the upper strata between 03:30 and 06:00 
EST. Collections were made at sufficiently close intervals of time and depths 


to show conclusively that they do not return to the upper layers, even for a 
short time, at dawn. 


SEASONAL CHANGE IN TIMING OF VERTICAL MIGRATIONS 


The 1954 Lake Michigan data presented an excellent opportunity for a study 
of seasonal variations in the vertical migrations, since most of the studies were 
conducted under similar weather conditions, i.e., clear skies, gentle to moderate 
winds, and good to perfect visibility. The most obvious changes from early 
summer through late fall were the progressively earlier ascent and later descent 
(Table I). In June the mysids ascended sometime between 21:00 and 22:00 
EST (June 6) and descended between 03:30 and 04:00 EST (June 27, Fig. 1). 
They migrated upwards around 21:00 EST and descended between 03:50 and 
04:30 EST in July (Fig. 2, Table I). Mysids were taken during their ascent on 
August 7 (Fig. 3) and 27 at approximately 20:00 and 19:45 EST respectively. 
The time of descent on August 27 was approximately 05:00 EST (Fig. 4). In 
October (Fig. 5) and November (Fig. 6, Table 1) the time of ascent was consider- 
ably earlier, 18:45 amd 17:10 EST respectively. The November time of ascent 
(17:10 EST) is probably somewhat earlier than it should be for this time of year, 
since the surface light intensity was appreciably reduced by a heavy fog. 

Although fewer studies were made in 1955 and data were not obtained on 
time of descent, the seasonal change in time of ascent was substantiated. 
Evidently the mysids were ascending about 21:10 EST in late June (Fig. 7, 


Table II). They were ascending at approximately 20:55 EST in July (Fig. 8), 
and at 18:50 EST in October (Fig. 9). 
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Fic. 1. Vertical distribution of sexually undifferentiated (above) and sexually differentiated 

(below) mysids at Station 13 in Lake Michigan, June 27-28, 1954. Width of polygon indicates 

number of mysids per 5,000 litres. ‘‘S’’ indicates a sample that contained no mysids. Temperature 

is shown by the centre curve. The curve extending from left to right shows the surface light 
intensity. 





BEETON: THE VERTICAL MIGRATION OF MYSIS RELICTA 525 


ee (°C) 
I 












a 

° 

er 

: g 

- 900 2000 2100 2200 2300 2400 0100 0200 0300 0400 . 

et 

3 2 
=x 

EF 0 5 10 15 20 F 

“ . 

1000 & 

8 

100 ~ 

Ww 

10 & 





1900 2000 2100 2200 2300 2400 
TIME (EST) 


0100 0200 0300 0400 


Fic. 2. Vertical distribution of sexually undifferentiated (above) and sexually differentiated 
(below) mysids at Station 13 in Lake Michigan, July 16-17, 1954. Symbols and units as in 
Fig. 1. 
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Fic. 3. Vertical distribution of sexually undifferentiated (above) and sexually differentiated 
(below) mysids at Station 13 in Lake Michigan, August 7, 1954. Symbols and units as in Fig. 1. 
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Fic. 4. Vertical distribution of sexually undifferentiated (above) and sexually differentiated 
(below) mysids at Station 13 in Lake Michigan, August 27-28, 1954. Symbols and units as in 
Fig. 1. 
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Fic. 5. Vertical distribution of sexually undifferentiated (above) and sexually differentiated 
(below) mysids at Station 13 in Lake Michigan, October 7, 1954. Symbols and units as in Fig. 1. 
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Fic. 6. Vertical distribution of sexually undifferentiated (above) and sexually differentiated 
(below) mysids at Station 13 in Lake Michigan, November 18, 1954. Symbols and units as in 
Fig. 1. 
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Fic. 7. Vertical distribution of sexually undifferentiated (above) and sexually differentiated 
(below) mysids at Station 76e in Lake Michigan, June 30, 1955. Symbols and units as in Fig. 1. 
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Fic. 8. Vertical distribution of sexually undifferentiated (above) and sexually differentiated 
(below) mysids at Station 76e in Lake Michigan, July 24, 1955. Symbols and units as in Fig. 1. 
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Fic. 9. Vertical distribution 9f sexually undifferentiated (above) and sexually differentiated 
(below) mysids at Station 76e in Lake Michigan, October 2, 1955. Symbol and units as in Fig. 1. 
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Fic. 10. Vertical distribution of sexually undifferentiated mysids at Station 69 in Lake Huron, 
August 25-26, 1956 (too few sexually differentiated mysids were collected to be included) 
Symbols and units as in Fig, 1, 
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INFLUENCE OF SEX AND AGE ON VERTICAL DISTRIBUTION 


The distribution of male and female mysids did not differ noticeably for any 
of the 1954 or for the earlier 1955 studies. Furthermore, no differences were 
observed in the behaviour of male and female mysids in the laboratory. The 
female mysids, however, did not migrate as far off the bottom as the males on 
October 2, 1955, and they descended almost } hour before the males. So few 
mysids were collected, however, that the significance of this observation is 
questionable. 

The vertical distributions of the small, sexually undifferentiated mysids, and 
of the larger, sexually differentiated ones, were generally similar, but certain of 
the samples exhibited exceptions that should be mentioned. On June 6 (Table 
1) and July 16, 17, 1954 (Fig. 2), it appeared that the small individuals might have 
migrated upward farther than the large mysids. These differences in distribution 
can probably be attributed to sampling, especially since the large mysids were 
very scarce each night. On dates when the numbers of both sexually differentiated 
and sexually undifferentiated mysids were substantial, the larger individuals were 
occasionally taken at depths where smaller mysids were absent or vice versa (Fig. 
5,9; Table III). The difference in distribution between large and small mysids 
on November 18, 1954 (Fig. 6), cannot be explained on the basis of a scarcity 
of large individuals, since small mysids were taken at the surface, although they 
comprised only 37% of the total catch, while the large mysids were not found above 
the 10-metre depth. The available data are, nevertheless, insufficient to establish 
any consistent differences in the distribution of the small and large individuals. 
Support for the belief that small individuals may migrate upward slightly earlier 
as well as farther up than the large mysids may be drawn from the fact that the 
small ones are found farther off the bottom during the day. Furthermore, other 
investigators have reported differences between the distribution and behaviour 
of large and small mysids. Southern and Gardiner (1932), for example, found 
small mysids at all depths throughout the day in February and March, and 
Valle (1930) reported that older mysids did not migrate vertically, although the 
younger ones did. 


RATE OF VERTICAL MIGRATIONS 


Sampling at frequent intervals on several nights provided data on the rate 
of ascent and descent. On October 2, 1955 (Table II), Mysis first appeared in 
the samples at 38 m at 18:50 EST. They were not present in samples taken at 
the surface and at depths of 5, 10, 20 and 30 m prior to 18:50 EST. By 19:15 
EST they had reached 18 m. Therefore, the mysids had migrated upwards 
through a distance of 20 m in 25 minutes at a rate of 0.8 m/min. Similar 
calculations based on August 27, 1954 (Table I), and July 24, 1955 (Table II), 
collections gave rates of 0.5 m/min. 

The downward movements were similar. On June 28, 1954 (Table 1) 
mysids were at 10 m at 03:30 EST; by 04:40 EST they were not in any of the 
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strata sampled from the surface to 40 m. If it is assumed that they had moved 
downward no farther than to immediately below 40 m, the estimated rate of 
descent is 0.4 m/min. 

The maximum amplitude of the vertical movements of M. relicta is unknown, 
but it has been established through observations on Lake Huron that it is at least 
96 m (Fig. 10). The maximum amplitude recorded for Lake Michigan mysids 
was 76 m (Table I, June 6). The Lake Michigan night collections were made, 
however, in areas with depths of 40 to 76 m. 


SIMILARITY OF VERTICAL DISTRIBUTION IN LAKES MICHIGAN AND HURON 


The studies in Lake Michigan on August 27, 1954 (Fig. 4), and in Lake Huron 
on August 25, 1956 (Fig. 10), show that the vertical distribution was similar in 
these lakes. The time of ascent coincided to within 10 minutes, i.e., 20:10 and 
20:00 EST and the maximum aggregation in both lakes was in the region of the 
metalimnion. Mysis left the upper strata by 05:30 EST in Lake Huron and 
sometime between 05:15 and 06:20 EST in Lake Michigan. 


ENVIRONMENTAL FACTORS OF DISTRIBUTION AND MOVEMENT 
THE INFLUENCE OF LIGHT 


Analysis of the field data indicates that light conditions govern the distribution 
of M. relicta, and initiate and control the vertical movements. This finding was 
to be anticipated since light is the only environmental factor in the mysid’s habitat 
that has a regular diurnal fluctuation. In fact, in the deeper areas of Lake 
Michigan dissolved oxygen, pH, and specific conductance vary but little through- 
out the year. Furthermore, it was impossible to demonstrate any relationship 
between these factors and the vertical distribution of the mysids. 

Many other investigators have concluded that light is the most important 
factor controlling the distribution and vertical migrations of zooplankters 
(Cushing, 1951). Past investigators have lacked convincing evidence of the 
effects of light on the distribution of mysids, but recently it was demonstrated 
that light intensity controls the vertical distribution of a marine mysid Neomysis 
americana (Hulburt, 1957). 

Light-penetration studies in Lake Huron in 1956 (Beeton, 1958) and in 
Lake Michigan on May 7, 1958 (unpublished data), showed that sufficient light, 
of a suitable wave-band for mysid vision, penetrated into the deeper areas of these 
lakes. AM. relicta has a peak sensitivity to light at a wave-length of 515 my and 
can react to a light intensity of 9.0 X 10-* foot-candle (Beeton, 1959). Light 
with a wave-band of 490 mu to 540 my penetrated to the greatest depth in both 
lakes. Four foot-candles of blue-green light (490-540 mu) were recorded at 40 m 
in Lake Huron on August 25, 1956, at 16:00 EST. The approximate extinction 
coefficient for light with this wave-band in Lake Huron is 0.11; therefore, according 
to Lambert’s Law, 5.44 X 10-* ft-candle of light should penetrate to a depth of 
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100 m even this late in the day. The approximate extinction coefficient for this 
wave-band in Lake Michigan, May 7, 1958, was 0.166. From measurements 
made at 15 m it was calculated that 4.37 X 10-5 ft-candle of light would penetrate 
to 100 m. Secchi-disc measurements on May 7, 1958, were appreciably lower 
than those usually observed in Lake Michigan. Consequently, the extinction 
coefficient determined on May 7, 1958, is probably higher than normal. 

Although agreement has been general that light is the most important 
environmental factor controlling the vertical migrations of zooplankters, opinions 
have differed widely as to the way in which it exerts its influence. Among the 
hypotheses advanced are: animals maintain an optimum light intensity; they 
respond to changing intensities; they react photonegatively or photopositively 
to particular intensities; their negative geotactic response is inhibited. It has 
been suggested also that samples may be biased at higher illuminations because 
the mysids can see and avoid the net. Most of the recent hypotheses have held 
that animals move in order to maintain an optimum light intensity, or respond 
to changes in light intensity. Actually the hypotheses based on an optimum 
intensity and on a change in intensity are to a degree inseparable, since changes 
in light intensity would force the zooplankters to move in order to remain in the 
optimum zone. None of these hypotheses, however, satisfactorily explains all 
aspects of the vertical migration of M. relicta. 

Evidence that changes in light intensity ‘‘trigger’’ the upward and downward 
movements of M. relicta comes from the close correlation, already described, 
between the length of day, and the times of ascent and descent. Furthermore, 
the computations of light intensity for the periods of ascent and descent show that 
regardless of the time of year the mysids had started to ascend and descend when 
the intensity reached certain definite levels. They were ascending when the 
surface light intensity was decreasing from 15 to 1 ft-candle at approximately 
5.6 X 10-' ft-candle per minute, and descending when it was increasing from 
10-* to 10- ft-candle at approximately 3.0 x 10-* to 1.2 X 107! ft-candle/min. 
These movements in response to changing intensities cannot be attributed to an 
inability on the part of the mysids to adapt to changes of the above magnitudes, 
since it has been demonstrated that M. relicta can readily adapt to changes of this 
amount in less than a minute (Beeton, 1959). 

The vertical migrations of the mysids may be due to their hypersensitivity 
to light. The difference in the daytime distribution between areas shallower 
than 91 m and those 152 m deep may be the result of this hypersensitivity. The 
mysids are taken considerably farther off the bottom in the deeper areas possibly 
because the light intensitv is much less than in shallow water and hence within 
their optimum range. This hypersensitivity could restrict them to the bottom 
during the day, but they should be able to move into upper levels when the 
intensity decreases to their optimum range. Conversely, an increase of light 
intensity at dawn should force them to the bottom. The rapid rates of ascent 
and descent challenge the validity of this hypothesis, however, and suggest a 
positive response to decreasing light intensities and a negative response to in- 
creasing intensities. Furthermore, if the mysids were merely seeking an optimum 
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intensity or exhibiting a positive phototaxis to weak light, they should return 
toward the upper strata at dawn, like many other zooplankters (Wells, in press; 
Ullyott, 1939). The failure of mysids to move upward at dawn suggests a 
possible reversal of the phototactic sign from positive to negative during the 
night. Evidence for such a reversal comes from laboratory studies which showed 
that the mysids were photopositive to a weak light unless they had been in the 
dark for a number of hours; then they were photonegative (Beeton, 1959). Limited 
observations from this same study indicate that M. relicta also responds photo- 
negatively to increases in light intensity. 

The restricted vertical distribution of mysids on nights when the moonlight 
was bright provides evidence that light controls their distribution. On these 
nights the mysids usually did not migrate higher than the 20-metre level. This 
behaviour was observed on July 16, 1954 (Fig. 2), and June 30, 1955 (Fig. 7), 
when the mysids were concentrated 5 to 10 m below the metalimnion. The 
surface light intensity did not fluctuate appreciably after sunset on either of 
these nights since the moon was rising during sunset. 

Evidence that moonlight may cause downward movement as well as limit 
upward movement comes from the observations on October 2, 1955 (Fig. 9). 
When the mysids first ascended on that date they migrated through the meta- 
limnion into the 18-metre stratum, but later, as the illumination from the full 
moon increased, they descended. By 22:30 to 23:30 EST only 6 individuals 
were captured in 6 plankton tows made within the upper 40 m. The change in 
light intensity at this time was comparable to that occurring when the mysids 
normally descended, even though the rate of change was considerably less. The 
illumination on the surface from the full moon increased from 1.1 X10-? ft-candle 
at 20:00 EST to 2.5 107? ft-candle at 24:00 EST, as the moon’s altitude changed 
from 28° to 53°. (These figures are based on calculations made by Russel (1916) 
that the illumination from a full moon at an altitude of 65° is approximately 
3X10- ft-candle.) This increase in light intensity seems slight but consider- 
ation should be given to the fact that a greater percentage of the moonlight would 
have penetrated the water when the moon’s altitude was 53° than when the 
altitude was 28°. Consequently, the actual increase in light intensity was 
greater than indicated. 


THE INFLUENCE OF TEMPERATURE 


The vertical distribution of M. relicta was influenced also by water 
temperatures. Under certain conditions temperature modified the mysids’ 
response to light and was even the major environmental factor limiting their 
vertical distribution during hours of minimum light intensity. Both temperature 
gradients and absolute values can affect the distribution of mysids. 

When the temperature gradients were 2.0° and 1.67°C per metre in the 
metalimnion (Fig. 1, 3), the mysid did not migrate through the discontinuity 
layer. The limits of effectiveness of temperature gradients become evident 
when the maximum change in temperature in the metalimnion is somewhere 








538 JOURNAL FISHERIES RESEARCH BOARD OF CANADA, VOL. 17, NO. 4, 1960 


between 0.66° to 0.94°C per metre. When changes were of this magnitude some 
mysids swam through the metalimnion as they ascended, but most remained in 
and below it and later at night, under minimum light intensity, those that had 
penetrated into the epilimnion returned to join the concentration in or immedi- 
ately below the metalimnion. Night-time movements of this type were observed 
on August 27 (Fig. 4), and October 7, 1954 (Fig. 5), and August 25, 1956 (Fig. 
10). 

On August 27, 1954 (Fig. 4) the mysids migrated through the metalimnion 
into 19°C water, but later in the night only a few individuals were taken in the 
warm waters of the epilimnion. Evidently most of the mysids retreated to the 
metalimnion. This behaviour suggests that higher temperatures in the epi- 
limnion may be important in limiting the vertical distribution. Mundie (1959), 
however, apparently collected M. relicta in the warm surface waters of Lac la 
Ronge throughout the night. 

When the metalimnion was absent or poorly defined and temperatures were 
low at all levels, on June 6 (gradient less than 0.2°C/m and surface temperature 
11°C, Table I) and on November 18, 1954 (Fig. 6), the mysids migrated to the 
surface. On July 24, 1955 (Fig. 8), when upwelling at Station 76e disrupted the 
thermal stratification, mysids migrated into the 11.7°C surface water. 


SUMMARY 


The diurnal changes in the vertical distribution of M. relicta in Lakes 
Michigan and Huron are the result of regular vertical migrations. These 
migrations are basically initiated and controlled by changing light conditions, 
but thermal conditions may modify the influence of light. 

The mysids are hypersensitive to light and favour a low optimum intensity. 
Consequently, they are concentrated near the bottom during the day. They 
migrate upward at sunset as the light intensity drops, possibly because of a 
positive reaction to a decreasing light intensity. Their subsequent aggregation 
in certain strata is determined by their response to the existing light and thermal 
conditions. During the night the mysids become photonegative. They descend 
at dawn in response to increasing light intensity. 
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Observations on the Life History of the Hybrid between 
Eastern Brook Trout and Lake Trout in Algonquin Park, Ontario’ 


By N. V. MARTIN AND N. S. BALDWIN? 


Ontario Department of Lands and Forests 
Maple, Ontario 


ABSTRACT 


Studies of brook trout X lake trout hybrids planted in Algonquin Park, Ontario lakes since 
1954 indicate they are readily available to angling and an excellent game fish. Hybrid trout 
depth distribution during stratification is between the 8° and 20°C isotherms. Mayfly nymphs, 
crayfish, leeches and fish are important in the diet. Hybrids average 12 inches at age II, 16 inches 
at age III, and 18 inches at age IV. Their length-weight relationship is similar to the lake trout. 
Most hybrids are mature by age III. Egg production is similar to the brook trout. Hybrids 
were observed spawning on rocky shoals in early November and had spawning characteristics of 
each parent. Hybrid trout eggs hatched by the end of April. 


INTRODUCTION 


ALTHOUGH attracting widespread attention in recent years artificial hybridization 
of the eastern brook trout (Salvelinus fontinalis) and the lake trout (Salvelinus 
namaycush), commonly called the splake or wendigo, was carried out as far back 
as the late 1870’s. Scott (1956) has reviewed the history of this cross. Large 
numbers of hybrid trout were stocked in New York and Pennsylvania waters before 
the turn of the century. 

More recently interest in the hybrid was revived by the experimental work 
in Alberta in 1946 (Stenton, 1950, 1952). Plantings of hybrids have been made 
in 1950 in Alberta (Cuerrier, 1954), in 1954 in Pennsylvania (G. L. Trembley, 
personal communication) and New York (R. G. Zilliox, personal communication), 
in 1955 in Wyoming (Sowards, 1959), California (Shapovalov, Dill, and Cordone, 
1959), New Hampshire (R. B. Knowlton, personal communication) and Manitoba 
(B. Kooyman, personal communication), in 1956 in Michigan (Kmiotek and 
Oehmcke, 1959), in 1957 in Quebec (L. R. Seguin, personal communication) and 
Minnesota (R. E. Schumacher, personal communication), and in 1958 in Colorado 
(Tanner, 1959) and Wisconsin (Kmiotek and Oehmcke, 1959). 

The first plantings of hybrid trout in Ontario were made in 1953 in four 
Northern Ontario lakes. In 1954 three lakes were planted in Algonquin Park 
and in subsequent years plantings were extended to six other lakes in the same 
area (Table I). All hybrids have been marked by the removal of a fin to facilitate 
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identification. The success of these plantings has been followed by a creel census, 
and observations on the food, growth rate and behaviour of the hybrids have been 
made from time to time. 


TABLE I. Plantings of hybrid trout in Algonquin Park, 1954-1959. All plantings 
are of yearlings except where indicated 





Origin of parents 



















































Year Number Female 
Lake and area planted planted Male brook trout lake trout 
Jack 1954 700 Sault Ste. Marie hatchery» Montreal R.> 
55 acres 1956 800 Dickson Lake Lake Simcoe 
1957 1,000 Dickson Lake Lake Simcoe 
1958 1,125 Dickson Lake Lake Simcoe 
1959 1,600  Hill’s Lake hatcherys Lake Manitou 
Redrock 1954 3,000 Sault Ste. Marie hatchery» Montreal R.» 
750 acres 1955 4,500 Dickson and Marmot Lakes Lake Opeongo 
1956 2,000 Dicksonand Marmot Lakes Lake Opeongo 
1957 2,000 Dicksonand Marmot Lakes Lake Opeongo 
Sproule 1954 1,000 Sault Ste. Marie hatchery» Montreal R.> 
100 acres 1958 1,680 Dickson Lake Lake Simcoe 
Opeongo 1955 4,000 Dicksonand Marmot Lakes Lake Opeongo 
14,600 acres 1956 2,800 Dickson and Marmot Lakes Lake Simcoe 
1957 8,000 Dicksonand Marmot Lakes Lake Simcoe 
Brewer 1956 1,800 Dickson Lake Lake Simcoe 
109 acres 1957 2,000 Dickson Lake Lake Simcoe 
1958 2,250 Dickson Lake Lake Simcoe 
Little Minnow 1957 1,000 Dickson Lake Lake Simcoe 
20 acres 1958 1,125. Dickson Lake Lake Simcoe 
Kathlyn 1958 1,600 Dickson Lake Lake Simcoe 
60 acres 
Found 1958 580 Dickson Lake Lake Simcoe 
32 acres 1958 30°¢ Dickson Lake Lake Opeongo 
Scott 1959 1,000¢ Dickson Lake Lake Opeongo 
68 acres 





*Domestic brood stock. 

bLake Superior lake trout which spawn in the Montreal River. 
e2-year-olds. 

43-year-olds. 


RECOVERY BY ANGLERS 


With the exception of Jack Lake, recoveries of hybrids have been less than 
2% of the fish stocked. In general, however, when mixed plantings of marked 
lake trout, brook trout and hybrids have been made, the recovery of hybrids 
has been higher. In Redrock Lake plantings of 22,000 brook trout and 9,000 
hybrid trout in the years 1954-1957 resulted in the capture of 62 hybrids and no 
brook trout by a relatively intense sport fishery. In Sproule, Brewer and Little 
Minnow lakes returns of hybrids have also been higher than with brook trout. 
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Plants in Lake Opeongo of 22,760 lake trout yearlings in the period 1950-54 and 
15,400 hybrid yearlings in the period 1955-1957 resulted in the capture of 9 lake 
trout and 7 hybrids. 

Recovery from the first planting of 700 hybrids in Jack Lake in 1954 was 
remarkably high with anglers taking 65% in 1956 and 1957 and experimental 
nets an additional 10%. The catch per unit effort of hybrids in Jack Lake in 1956 
was 0.92 fish per boat-hour. In Redrock Lake, one of the more popular angling 
lakes, the catch of brook trout per boat-hour for the year has ranged from 2.0 to 
0.68. Lake trout availability varies from 0.5 to 1.5 fish per boat-hour in most 
Algonquin Park lakes. 

Most of the angling for hybrid trout has been done with spinning tackle 
either by trolling along the shore or casting over shoal ‘areas. Various types of 
spinners and spoons have been used but best results were obtained when live 
minnows were added to these lures. Hours of unsuccessful angling were punctuated 
by short bursts of remarkable success as schools of hybrids moved over shoal 
areas where fisherman were congregated. These periods usually occurred once 
in the late morning and once in the late afternoon. The fish would abruptly 
cease biting after a period of half an hour. Most of the hybrids react like a 
brook trout when on the hook but some had the dogged, sounding tactics of the 
lake trout. Anglers are generally unanimous in their praise of the hybrid 
claiming it is at least on a par with the brook trout as a game fish. 


DEPTH DISTRIBUTION 


Gill-net sets were made in Jack and Sproule lakes in 1955, 1956 and 1957 
to obtain information on the depth distribution of the hybrids and its relation to 
temperature. The results of these sets are shown in Fig. 1. 

Hybrids, like both parents, frequent shallower waters in the spring and 
fall. During summer stratification most of them are found in the region of the 
thermocline with the occasional fish taken above or below this zone. Generally, 
the 8° to 20°C isotherms encompass most of the population at this time. Hybrids 
in South Bay, an arm of northern Lake Huron, also were found in the region of 
the thermocline (Budd, 1957). Their depth distribution is similar to brook 
trout in Algonquin Park lakes. Baldwin (1948) found brook trout in Redrock 
Lake inhabiting the 15 to 20 foot (4.6-6.1 m) zone between the 12° and 20°C 
isotherms during July and August. Lake trout were found by Martin (1952) 
to generally frequent depths of over 30 feet (9.0 m) and temperatures below 14°C. 

Laboratory studies (Pearson, 1952) indicate that the preferred temperature 
of the hybrid trout (12°C) is closer to that of the lake trout (12°C) than the 
brook trout (16-19°C). The field observations on the other hand indicate the 
reverse. 

Hybrid trout have a strong schooling behaviour. This is apparent in the 
gill-net catches in Jack Lake as the hybrids were usually caught in groups (Fig. 
1). As has been indicated above, this is also evident in the angling activity. 
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Fic. 1. Depth distribution in relation to temperature of brook 

trout X lake trout hybrids in Sproule and Jack Lakes, 

Algonquin Park, Ontario. Each circle represents one hybrid. 

Sproule Lake Samples July 9, 1955 and July 11, 1956. Jack 

Lake samples August 25, 1985, July 20, 1956 and August 23, 
1957. 


FOOD 


The food habits of hybrids taken from Algonquin Park lakes are shown in 
Table II. During the spring months there is considerable variety in the diet as 
is the case with the brook and lake trout. Aquatic insects are eaten extensively, 
particularly mayfly nymphs. Leeches and crayfish also occur frequently in 
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their stomachs at this time. The blue-spotted salamander (Ambystoma jefferson- 
ianum) was commonly taken by the hybrids in Jack Lake in 1956. Food taken 
during the summer is less varied and a higher proportion of empty stomachs 
suggests the hybrids are not as actively feeding. In the fall mayfly nymphs are 
again prominent. Crayfish and minnows were prominent in the small winter 
sample. 

GROWTH 


The growth of hybrid trout as compared with that of brook trout and lake 
trout in Algonquin Park lakes is shown in Fig. 2. As most of the growth data 
for hybrids and brook trout have been collected during May, the average fork 
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Fic. 2. Rate of growth of hybrid trout compared with lake trout and brook trout in Algonquin 

Park lakes. 1—Sproule Lake hybrids; 2—Jack Lake hybrids; 3—Redrock Lake hybrids; 

4—Marmot Lake planted brook trout; 5—Redrock Lake native brook trout; 6—Redrock Lake 

native lake trout; 7—Lake Louisa native lake trout. Lake trout data from Martin (1952), 
Redrock brook trout data from Baldwin (1948). 
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lengths for each age are for this period. The average fork length for lake trout 
are based on data collected from May to September. 

The hybrid trout have shown a relatively fast growth rate. At age III they 
average 1 to 3 inches (25-76 mm) longer than brook trout of the same age that 
have been planted in the small lakes of Algonquin Park, such as Marmot; they 
are 4 to 6 inches (10-15 cm) longer than native brook trout in the larger lakes 
such as Redrock; and they are 8 to 10 inches (20-25 cm) longer than native 
lake trout. The growth between ages I and II is particularly rapid. Females 
grow slightly faster than do males. The growth of hybrids in Little Minnow 
Lake, not shown in Fig. 2, is similar to that in Jack Lake. 

Hybrid trout planted in May, 1954, had reached a maximum length of 21.8 
inches (55 cm) in Jack Lake by May of 1958 and one age IV hybrid taken in 
Redrock Lake in the summer of 1959 had attained a length of 20.6 inches (52 cm). 


LENGTH-WEIGHT 


The length-weight relationship of hybrid trout in Jack Lake compared with 
that of the parent species in other Algonquin Park lakes is shown in Table III. 
The hybrids are heavier for their length than native brook trout but far less robust 
than brook trout planted in small lakes. In general their length-weight relation- 


TABLE III. Length-weight relationship of hybrid trout as compared with 

that of brook trout and lake trout in Algonquin Park lakes. (The size of 

each sample is shown in brackets. Length class ‘‘8”’ includes fish measured 
as 8.0 to 8.9 inches, to the fork of the tail; etc.) 








Average weight in ounces (1 ounce = 28.35 grams) 


Fork length Stocked brook Native brook Native lake 
class Hybrids trout trout trout 
(inches) (Jack L.) (Marmot L.) (Redrock L.) (L. Louisa) 
8 5(2) 5(4) 4(5) 5(18) 
9 5(3) 7(17) 5(5) 7(9) 
10 7(8) 9(33) 6(11) 11(30) 
11 11(4) 12(59) 8(17) 13(54) 
12 13(8) 16(38) 11(20) 15(106) 
13 16(25) 18(19) 14(16) 19(146) 
14 19(41) 26(4) 17(25) 22(56) 
15 25(30) 34(10) 20(14) 27(20) 
16 30(15) 43(2) 23(6) 32(5) 
17 36(13) 50(3) 30(3) ~ 
18 39(5) 58(3) 34(2) ~ 
19 48(4) 64(1) - ~ 
20 64(3) 78(1) - ~ 


ship is similar to that of the lake trout. The scattered length-weight data from 
other lakes indicate the hybrids there are somewhat lighter at similar lengths 
than those in Jack Lake. Hybrid trout planted in May 1954 had reached a 
maximum weight of 4.4 Ib (2.0 kg) in Jack Lake by May of 1958 and 3.8 Ib (1.7 
kg) in Lake Opeongo by October of 1957. 
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MATURING AND FECUNDITY 


Some male hybrid trout in Jack Lake mature in their second year of life 
(age 1). No females mature at this age. About a third of the females and two- 
thirds of the males are mature at age II and almost all fish are mature at age III. 

The hybrid trout is therefore more akin to brook trout than lake trout in the 
age at which it reaches maturity. Although a few males reach maturity at age 
IV most lake trout in Algonquin Park mature at age VII. Approximately one- 
third of the native brook trout, mostly males, mature at age II; however, some 
male and female brook trout planted in the spring as yearlings (age I) and re- 
covered in the fall of the same year have been mature. 

The egg content of female hybrids is shown in Table IV. Production 
averages about 1,200 eggs per age II female and 2,800 eggs for age III fish. A single 


TABLE IV. Fecundity of mature female hybrid trout, Jack Lake, Ontario. 
Numbers of eggs based on actual counts. 








oii q Length in inches Weight in ounces Number of eggs 





specimens Age Mean Range Mean Range Mean Range 
No. inches inches ounces ounces No. No. 
15 II 14.6 13.5-16.0 21 15-29 1233 855-1939 
8 II! 17.7. 15.7-19.5 37 35-49 2830 1508-6075 


age IV hybrid from Sproule Lake had 5,700 eggs. Most of the hybrid trout 
average between 800 and 1,500 eggs per pound of fish (1800-3300/kg). Native 
brook trout in Algonquin Park have from 1,000 to 1,500 eggs per pound (2200-— 
3300/kg) and most lake trout from 500 to 1,000 eggs per pound (1100—2200/kg). 


SPAWNING 


No spawning of hybrid trout was noted in Jack Lake in 1956 and 1957. 
However, a high proportion of the hybrids had been removed from the lake 
in these years by angling and for experimental purposes. In 1958 no observations 
were made on hybrid trout spawning. No young fish have ever been seen or 
collected in Jack Lake to’indicate successful reproduction. 

However the hybrid trout were observed carrying out the spawning act 
in Jack Lake in 1959. Although this is the first known observation of hybrid 
spawning in nature, it evidently has occurred elsewhere. Stenton (1952) observed 
hybrid trout digging redds in hatchery ponds at Banff, Alberta, and they have also 
been observed carrying out the spawning act in aquaria in Quebec (Seguin, 
personal communication). Four generations of native hybrid trout are known to 
exist in an alpine lake in Alberta where they were introduced in 1951 according 
to Cuerrier (personal communication). 

The first indication of spawning in Jack Lake was noted on October 14 
when a group of about 15 fish was seen in a small bay. The sexes were readily 


) 
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distinguishable at this time. Female hybrids showed little colour but the males 
had hues rivalling those of breeding male brook trout. The red colour on the 
abdominal region was not as intense as in the brook trout and tended to be a deep 
pink. The fins of many of the males, including the caudal, were almost entirely 
orange and the paired fins had striking white leading edges. As is the case with 
spawning lake trout (Martin, 1957) many of the hybrid males had light backs and 
dark lustrous bands along the sides. This was particularly evident in the night 
observations, and made recognition of the sexes possible. Some of the larger 
males had developed a kype. Spawning hybrids did not have the heavy mucous 
coating characteristic of the brook trout. 

At the same time that this concentration of fish was observed several small 
cleaned patches were noted in the same general area. On October 29, the date 
of the next observations, an area of about 200 square feet (19 m?) had been 
cleaned in the bay in 8 to 12 feet (2.4-3.7 m) of water. Silt and detritus had been 
removed exposing a fine, soft, sand lightly interspersed with stones. Simultaneously 
a group of fish was found over a steep talus slope along the shore immediately 
adjacent to the large cleared area. This consisted of broken rock and rubble at 
depths of 13 to 8 feet (0.5-2.4 m). On the same day another concentration of 
6 to 8 fish was observed clearing a mat of aquatic weeds from a smaller, sandy, 
gravelly area in 4 feet (1.2 m) of water in another part of the lake. 

The hybrids were frequently observed cleaning the bottom both on the 
talus slope and in the sandy areas. This was usually done with the snouts in a 
manner similar to that of the lake trout. !n the courtship act the male nudged 
the female on the side or brushed her vent with his back and dorsal fin. Unlike 
lake trout there was some pairing of the sexes but because of the rocky bottom 
on the talus slope and the sandy nature of the other areas no nests could be built. 
However one pair of hybrids at least joined in defending a particular area on the 
rock spawning bed from other hybrids. Lake trout on the other hand do not pair 
or defend any specific areas on the spawning grounds. 

One of the interesting features of the hybrid trout spawning is the fact that the 
same fish are on the beds night and day. Lake trout are typically on the beds 
at night and spawning brook trout are most active during the day. Individual 
hybrids were observed on the bed night and day for a period of at least 2 weeks. 
Interesting too is the fact the hybrids showed no avoidance to the lights at night 
and could be watched-fer an indefinite period. Lake trout on the other hand 
will disperse from an area where there is illumination. 

Predation on eggs in Jack Lake was limited to the hybrids themselves as there 
are no other potential fish predators. As with the brook trout, younger immature 
hybrids were seen attempting to pick up eggs from the bottom. One 13-inch 
(33-cm) hybrid had 70 hybrid eggs in its mouth and stomach. This fish was 
taken near the small sandy spawning area where eggs would be exposed if not 
covered by the female. 

On November 3 the talus slope was examined by divers and found to be 
permeated with eggs some of which were collected and found to be fertilized. 
No eggs were found in either of the two sandy areas where the other fish had been 
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active. On November 4 and 11 there were still about a dozen fish over the talus 
slope and five on the smaller of the two sandy areas. No fish were present on 
November 14 and 16 and spawning had apparently been completed. 

The area where eggs were found was typically that used by spawning lake 
trout in Algonquin Park, while the sandy areas cleaned by some of the hybrids 
were similar to those selected by brook trout. There was, however, no evidence 
of spring seepage generally observed on native brook trout spawning ground in 
near-by lakes. 

The rather prolonged period of spawning activity, which covered the latter 
part of October and the first half of November, is more typical of brook trout 
than lake trout. The latter generally spawn during a 10-day period in mid- 
October when water temperatures are between 50 and 55°F (10-12.8°C). Water 
temperature during the peak of hybrid spawning activity ranged from 44 to 47°F 
(6.7-8.3°C). 

The spawning ground in Jack Lake was examined again on December 30, 
1959, on February 24, April 5 and on April 28, 1960. On these dates water 
temperatures ranged from 32.5 to 35°C at depths of 1 to 7 feet (0.3-2.0 m). 
Some eggs had hatched by April 28, the date the last of the ice was leaving Jack 
Lake. This represents an incubation period of about 6 months. 


CONCLUSIONS 


In most features investigated, the hybrid trout has a greater affinity to the 
brook trout than to the lake trout. In angling, depth distribution, food, maturity, 
fecundity, and time and duration of spawning the hybrid trout is closer to the brook 
trout than the lake trout. Length—weight relationship, and place of successful 
spawning, are more similar to the lake trout. The hybrids grow faster than 
either parent, and school more strongly. Their spawning behaviour shows 
characteristics of each parent. 
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Possible Effects of Passamaquoddy Tidal Power Structures 
on the Canadian Lobster Industry ** 


By D. G. WILDER 


Fisheries Research Board of Canada 
Biological Station, St. Andrews, N.B. 


ABSTRACT 


Lobster stocks outside Passamaquoddy Bay are not expected to be affected by the proposed 
development. Within the bay, the hatch, survival and settlement of larvae are expected to increase. 
An increased rate of exploitation, a modest increase in poundage of commercial landings, and a 
decrease in the average size of the lobsters caught are to be expected. The use of the bay as an 


important commercial collection, storage and distribution centre for live lobsters will be seriously 
affected. 


THE PURPOSE of this report is to consider how, in the light of present knowledge, 
the proposed Passamaquoddy tidal power structures might affect the lobster 
industry. Although the report deals principally with the waters of Passama- 
quoddy Bay in Charlotte County, N.B., some reference is made to the Canadian 
lobster industry as a whole. 


THE PRESENT SITUATION 
THE FISHERY 


In recent years (1952 to 1956) the Canadian lobster catch has averaged 48 
million Ib with a landed value of $16,000,000. About two-thirds of the catch is 
marketed alive, the remainder as fresh or frozen meat or in retorted sealed cans. 
In spite of fishing-season regulations, intended in part to distribute the catch 
throughout the year, about 60% of the catch is landed in May and June. This 
necessitates extensive storage facilities to maintain the lobsters in good condition 


1Received for publication March 22, 1960. 
2International Passamaquoddy Fisheries Board, 1956-59. Scientific Report No. 19. 
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until marketed. For short-term storage lobsters may be held in the sea in 
floating wooden crates of about 100 lb capacity. Larger floating wooden structures 
known as ‘‘cars’’, each holding several thousand pounds, and indoor tanks supplied 
with running sea water may be used to store live lobsters for several weeks. 
Long-term storage for periods up to 6 months is restricted to tidal ‘‘pounds”’ usually 
made by damming off natural coves. Of the 14 tidal pounds in Canada, 2 are in 
southwestern Nova Scotia, the remainder in Charlotte Co., N.B. 
Annual Charlotte County lobster landings from 1937 to 1958 by statistical 
districts are illustrated in Fig. 1. During the past 10 years the catch has 
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Fic. 1. Annual Charlotte County, N.B., lobster landings 1937 to 1958 by statistical districts. 


averaged 1,200,000 Ib (540,000 kg), with a landed value of $485,000. Approx- 
imately 70% of the total is caught off Grand Manan, as shown in Fig. 2. Passama- 
quoddy Bay, the area inside the proposed dam sites, includes all of statistical 
district No. 52 (International boundary to Back Bay) and approximately one- 
quarter of district No. 51 (West Isles and Campobello Island). The average 
catch from the bay over the past 10 years is estimated at 65,000 lb (30,000 kg) 
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New Brunswick 





Fic. 2. Average Charlotte County lobster catch 1949 to 1958 showing area 
of capture. Each dot represents 10,000 pounds. 
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with a landed value of $25,000. Catches in the bay by Maine fishermen are 
extremely small and have been ignored. 

Prior to 1955, the Charlotte County lobster season extended from November 
15 to January 15 and from May 1 to June 24. Since 1955, continuous fishing 
from November 15 to June 24 has been permissible. Conditions within Passama- 
quoddy Bay are such, however, that only 2.4% of the catch representing 4.2% 
of the value is landed during the period from January 1 to April 30. 


HyYDROGRAPHY 


Passamaquoddy Bay, like the Bay of Fundy proper, is characterized by 
extreme tides and tidal currents. Tidal amplitudes reach a maximum of nearly 
28 ft at springs and currents of 4.8 knots have been recorded. As a result the 
waters are thoroughly mixed vertically and there is little variation in temperature 
or salinity from top to bottom. Temperature varies seasonally from 0 to 14°C, 
salinity from 24 to 33%. 


CHARACTERISTICS OF THE PASSAMAQUODDY BAy LOBSTER STOCKS 


STOCK DENSITY AND RATE OF EXPLOITATION. Passamaquoddy Bay, roughly 
70 square nautical miles in area (240 km’), yields an average annual catch of 
about 65,000 Ib (30,000 kg). The rate of exploitation is relatively light: of 265 
tagged lobsters liberated off Brandy Cove near St. Andrews, N.B., from September 
1957 to April 1958, commercial fishermen recaptured 48 (18.1%) from November 
1957 to November 1958. Fishing may be more intense in other parts of the Bay 
but it appears unlikely that more than 25% of the legal-sized stock is removed 
annually. This indicates a total stock of 260,000 Ib (120,000 kg) of legal-sized 
lobsters. In contrast, the Grand Manan fishing area, which is of the same order 
of size, yields an average catch of 825,000 lb (374,000 kg). Of 7,959 tagged 
lobsters liberated off Grand Manan from 1945 to 1952, commercial fishermen 
returned 4,742 (59.6%). This indicates an average total stock of 1,400,000 
lb (630,000 kg) and a stock density roughly five times that of Passamaquoddy Bay. 


SIZE COMPOSITION. The rather limited data illustrated in Fig. 3 indicate 
that Passamaquoddy Bay lobsters are relatively large. The high proportion of 
large lobsters confirms the conclusion that the stocks in the bay are lightly fished. 


SIZE AT MATURITY. Templeman (1944) showed that whereas some lobsters 
in the southern Gulf of St. Lawrence matured at a total length of 18 cm and a 
weight of 170 g, the minimum size at maturity in the Bay of Fundy was 29 cm 
and 800 g. Limited data from Passamaquoddy Bay indicate that these lobsters 
also mature late. The smallest egg-bearing female caught off Brandy Cove from 
September 1957 to April 1958 during experimental fishing was 35 cm long and 
weighed 1,480 g. 


Percent 
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Carapace Length—inches 


Carapace length distribution of lobsters caught off southern Grand 


Manan and in Passamaquoddy Bay. Multiply by 2.85 for approximate total 


length. 
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MOVEMENTS AND DISCRETENESS OF STOCK. Of 7,959 tagged, legal-sized 
lobsters liberated off southern Grand Manan from 1945 to 1952, 4,742 were 
returned by commercial fishermen. Of these, 99.8% were recovered by Grand 
Manan fishermen. Only 21 of the recovered lobsters had moved off the southern 
Grand Manan area (Fig. 4). None were reported from nearby Campobello or 





Fic. 4. Recapture points of the 21 tagged lobsters that moved off the southern 
Grand Manan tagging area. Of 7,959 legal-sized lobsters tagged from 1945 to 
1952, a total of 4,742 were returned. 


Deer Islands or from Passamaquoddy Bay. Of 265 tagged lobsters liberated off 
Brandy Cove, near St. Andrews, N.B., from September 1957 to April 1958, 48 
were returned by commertial fishermen (Fig. 5). The average distance between 
liberation and recapture points was only 1.3 nautical miles (2.4 km). None were 
recovered outside Passamaquoddy Bay. The results indicate that the Passama- 
quoddy Bay stock of adult lobsters is essentially discrete. 


RELATIVE ABUNDANCE AND MORTALITY OF LARVAE. Lobster larvae which 
hatch from mid June to mid September remain free swimming for 1 to 2 months 
(Wilder, 1953). During daylight hours they are usually concentrated near the 
surface (Templeman, 1937). Mortality during the free-swimming period is high, 
averaging about 95% (Wilder, 1953). Larvae are abundant in the southern 
Gulf of St. Lawrence (Wilder, 1953; Mills, 1957), as many as 1,900 having been 
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New Brunswick 





Fic. 5. Recapture points of the 48 tagged lobsters returned November 1957 to 
November 1958 from 265 liberated near St. Andrews, N.B., September 1957 to 
April 1958. 


caught in a single 30-minute plankton tow. In Passamaquoddy Bay, however, 
larvae are extremely scarce, only 3 having been caught in this area over the past 
40 years in spite of a routine general plankton towing program. 


FAVOURABLE CONDITIONS FOR THE GROWTH AND SURVIVAL OF LOBSTERS 


Lobster larvae grow most rapidly at temperatures of 20° to 25°C (Templeman, 
1936). Such temperatures presumably would favour survival by shortening 
the vulnerable, free-swimming period. Salinities below 20% are definitely 
unfavourable, particularly at temperatures above 15°C (Templeman, 1936). 
Larvae may be widely dispersed by surface currents (Templeman, 1937) and 
presumably at times settle where bottom conditions are unfavourable for growth 
and survival. 
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McLeese and Wilder (1955) have shown that at a salinity of 30% and 6 mg 
of dissolved oxygen per litre, fully acclimated, hard-shelled lobsters can tolerate 
a temperature of 30°C. Ata temperature of 10°C and 6 mg O,/I, they can live at 
a salinity of 10%. Similarly at a temperature of 10°C and a salinity of 30%, 
they can withstand dissolved oxygen levels as low as 1 mg O2/l._ Any two or all 
three of thes2 factors may, however, interact to cause mortality at intermediate 
levels; for example, a temperature of 25°C in combination with a salinity of 15% 
and 2 mg O,/I is lethal for lobsters (McLeese, 1956). 


STORAGE FOR LIvE LospsTERS 


Hydrographic conditions in Passamaquoddy Bay are almost ideal for the 
storage of live lobsters. Because of the extreme tides and thorough vertical mixing 
the inshore surface waters have a relatively high salinity throughout the year. 
Surface temperatures seldom exceed 14°C in summer; ice is seldom a problem in 
winter. The tidal amplitude is such that tidal pounds are thoroughly flushed 
twice a day with cool, high salinity water that is saturated with dissolved oxygen. 
Active flushing is essential to ensure that the bottom water of the pound is 
replenished with dissolved oxygen. Tidal currents result in a good flow of water 
through floating storage units and so help to maintain suitable conditions. 

Two tidal pounds are located on the inner side of Deer Island. One of these, 
shown in Fig. 6, said to be the largest lobster pound in the world, has a capacity 
in the vicinity of 500,000 Ib (230,000 kg) of live lobsters. This pound is usually 
filled twice a year with lobsters collected from many points throughout the 
Maritime Provinces, Quebec and Newfoundland. The lobsters may be held 
from a few weeks to several months, depending on supply and demand. A 
complementary storage unit located in St. Andrews (Fig. 7) has a capacity of 
150,000 Ib (68,000 kg) of live lobsters. These are stored in numerous shallow 
wooden tanks supplied with cool running sea water. Although this tank unit 
has less capacity than the pound, the turnover is much faster and several times 
as many lobsters are handled annually. Such tidal pounds and tank units 
handle an appreciable fraction of the Canadian lobster catch and play an im- 
portant part in satisfying the year-round demand for live lobsters. 


POSSIBLE EFFECTS OF TIDAL POWER STRUCTURES 
HyYDROGRAPHY 


If the tidal power structures are built, Trites (1959) has predicted that in 
Passamaquoddy Bay the mean tidal amplitude will be reduced from 20 ft to 4 ft 
(6 m to 1.2 m), the maximum surface temperature will increase from 14° to 19°C, 
the average surface salinity will decrease from 31% to less than 25%. During 
freshets, usually in the spring and fall, the surface salinity may drop below 20%. 
The bulk of the fresh water will, however, be confined to the upper 2 to 5 m. 
Below 10 to 15 m, the salinity is unlikely to be affected significantly. Bottom 
water temperatures may increase 2° to 3°C in summer. Ice will cover part of the 
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Fic. 6. Aerial view of Deer Island lobster pound reported to be world’s largest. Photograph 
courtesy Conley’s Lobsters Ltd. 


Fic. 7. Lobster storage unit St. Andrews, N.B. 
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Bay possibly from mid December to mid March. Flushing time is expected to 
be markedly increased. Oxygen concentrations in the deep basins may be 
reduced but are unlikely to fall below 50% saturation. Currents will be markedly 
reduced. 


THE FISHERY 


Hydrographic changes of the order predicted are not expected to affect the 
lobster stocks outside Passamaquoddy Bay. Within the Bay, because of a 
combination of favourable and unfavourable changes, it seems unlikely that the 
fishery will be markedly affected. 

The slight increase in bottom temperature would be expected to result in more 
rapid juvenile growth, earlier maturity and slower adult growth (Wilder, 1953). 
This, in turn, could result in an increased hatch of larvae. The catchability of 
the lobsters would also increase (McLeese and Wilder, 1958). 

The present scarcity of larvae in Passamaquoddy Bay does not necessarily 
play a major role in limiting commercial production but it could well be a 
contributing factor. Although a reduction in the surface salinity to about 20%, 
would be unfavourable for larvae, such low salinities are not expected during 
July and August when larvae are most abundant (Wilder, 1953). With appreciably 
higher surface temperatures during summer the larvae would grow faster, pass 
more quickly through the vulnerable free-swimming stage, and so survive better. 
With flushing times substantially increased more larvae would be retained within 
the Bay. 

Winter lobster fishing would be extremely difficult if not impossible because 
of ice cover. Although this is a period of high prices, the total landed value for the 
year would not be seriously affected. Under present conditions the value of the 
winter catch is less than 5% of the total. 

The combined result of the predicted changes is expected to be an increase 
in the hatch, survival and settlement of larvae within Passamaquoddy Bay, an 
increased rate of exploitation, a reduction in the size composition of the catch, 
and a modest increase iri commercial landings. 


LOBSTER STORAGE 


With the major reduction in tidal amplitude, the rise in water level, the 
increased surface temperatures in summer, and the decreased salinities, the 
area generally would become unsuitable for the operation of tidal storage pounds. 
The two pounds on the bay side of Deer Island would have to be relocated. 

At times, particularly during the spring and fall, surface waters would be too 
fresh for the storage of lobsters in floating crates or cars or to be used as a supply 
for indoor tanks. Summer temperatures in the vicinity of 20°C, although well 
below lethal levels, are undesirably high for the commercial storage of lobsters 
in crowded tank units. To obtain suitably cool, high salinity water for such 
tank units, it would be necessary to extend the intake pipes to a depth of 10 m or 
more. 
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Biochemical Studies on Sockeye Salmon During 
Spawning Migration. 


XIII. The Distribution of Phosphorus Compounds, Creatine 
and Inositol in the Major Tissues'’* 
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ABSTRACT 


The acid-soluble and fat-soluble phosphorus components, acid-soluble, lipid and total inositol 
and creatine content of the major tissues of sockeye salmon were determined at three locations 
during its river migration. With the exception of the gonads, these components were found 
in approximately the same concentration in the corresponding tissues of both sexes at the start 
of migration. The changes in total phosphate per unit weight during migration were most 
significant in the alimentary tract and liver of both sexes, and in the gonads of the female. Except 
for the gonads, the changes in inositol components were similar in both sexes. The same was true 
of the creatine content. In general, the tissues of the female were somewhat higher than those 
of the male in creatine, except in the gonads where milt contained 6 to 7 times the amount found 
in roe. 

The absolute amounts of the various components were calculated on the basis of the standard 
fish. A tissue component was sometimes markedly increased or decreased in absolute quantity 
in the standard fish, due not to a change in the concentration of the constituents but rather to an 


appreciable change in the weight of the tissue. This was especially true for the alimentary tract 
and roe. 


INTRODUCTION 


THE ROLES of inorganic and organic phosphates, particularly creatine and 
nucleotide phosphates in energy transfer and enzyme systems, and those of the 
phospholipids in their association with structural units of all protoplasm, have been 
the subjects of extensive investigations. Myo-inositol has been postulated by 
Fischer (1944) to be converted to carbohydrate reserves, and to glucose (Stetten 
and Stetten, 1946; Posternak et al., 1955; Moscatelli and Larner, 1957; Herken 
et al., 1957) and to glucuronic acid (Anderson and Coots, 1958; Charalampous and 
Lyras, 1957) in the rat. 

The determination of the acid-soluble and fat-soluble phosphorus com- 
pounds, as well as the creatine and the inositol content, and their changes in the 


various tissues of the sockeye salmon during reproductive migration, is the subject 
of this report. 


1Received for publication February 4, 1960. 
*Part XII of this series appeared in Canadian J. Biochem. and Physiol., 38: 553-558, 1960. 
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MATERIALS AND METHODS 
TissuE SAMPLES 


In 1957, a pure race of Fraser River sockeye salmon was sampled, first 
before the fish entered the river (Lummi Island, Wash., U.S.A.), again at a point 
403 km upriver (Lillooet, B.C.), and finally at the end of a 1152-km spawning 
migration (Forfar Creek, B.C.). The physical measurements made on all the 
major organs and tissues showed that the large number of fish taken (216) and the 
uniformity in population permitted an accurate ‘‘standard fish’’* to be calculated 
for each sex (Idler and Tsuyuki, 1958). In this way the absolute change in body 
composition of an individual fish may be determined, thereby giving added sig- 
nificance to percentage composition data. The individual organs were separated 
and grouped as previously described (Idler and Tsuyuki, 1958). The tissues were 
powdered in liquid nitrogen and stored in polyethylene bags at —35°C. 


PREPARATION OF TISSUES FOR EXTRACTION 


A 50-g sample of powdered tissue (at -35°C) was weighed into a 100-ml 
Virtis homogenizer cup. The tissue was quickly thawed and homogenized in a 
Servall Omnimixer without addition of any solvent. A 5-g sample was weighed 
into a 100-ml Kjeldahl flask for total tissue hydrolysis, a 25-g sample was weighed 
into a 33 X 80-mm Soxhlet thimble for fat extraction, and the remaining 20 g 
were set aside for HCIO, extraction. 


PERCHLORIC AcID EXTRACTION 


The 20-g sample was successively homogenized with 25 ml of 0.6N HCIO, 
and 25 ml of 0.2N HClO,. The supernatants from both extractions were pooled 
and immediately neutralized to pH 7.0 with 5N KOH (Tsuyuki e¢ al., 1958). 
All operations were performed at 0 to 3°C. The neutralized extract was then held 
overnight in a refrigerator to facilitate the precipitation of KClO,. The super- 
natant was decanted, the volume recorded and appropriate portions were used 
for the determinations of inorganic, total acid-soluble and nucleotide phosphates, 
creatine, and free and total acid-soluble inositol. 


Fat ExTRACTION 


Approximately 20 ml, of methanol was added to the 25-g sample to break 
up the caked mass of tissue, which was then extracted in a Soxhlet apparatus for 
16 to 18 hours with methanol. A second extraction was made with chloroform for 
the same length of time. The two extracts were combined and taken almost to 
dryness in a flash evaporator. The crude fat was dissolved in 50 ml of methanol- 
chloroform 1:2 and the non-fat contaminants were removed as described by Folch 
et al. (1951). The purified chloroform solution was then filtered through glass 
wool and diluted to 100 ml. Suitable portions were digested for lipid phosphorus 
or acid hydrolysed for lipid inositol determinations. 

3The term ‘‘standard fish’’ is used in this series of investigations to denote the average fish 


of a pure race in which the majority of the population at a specified location are of approximately 
the same size and weight as the average (Idler and Bitners, 1960). 
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HYDROLYSIS FOR INOSITOL 


To the 5-g tissue homogenate was added 20 ml of 22% HC1. The flask 
was sealed and heated at 105 to 110°C for 12 hr in an oven after which the 
contents were quantitatively filtered (Whatman No. 42) into a 150-ml beaker. 
The hydrolysate was concentrated to dryness three times over a boiling water 
bath, with a stream of air to facilitate evaporation. The residue was then 
dissolved in 30 ml of distilled water, the pH brought to 5.0 and the volume 
adjusted to 50 ml. After standing overnight in the cold, additional insoluble 
material which settled out was filtered before portions were used for total inositol 
determinations. 

Perchloric acid and fat extracts were taken to dryness and hydrolysed with 
5 ml of 22% HC1. The hydrolysis was carried out in 13 X 240-mm pyrex 
combustion tubes under the same conditions as outlined in the preceding para- 
graph. The hydrolysate was diluted to 10 ml with distilled water. 


SEPARATION OF ACID-SOLUBLE PHOSPHORUS COMPONENTS 


The inorganic and non-nucleotide “‘sugar’’ phosphates were separated by a 
slight modification of the charcoal column technique of Threlfall (1957). A 
small amount of washed Celite 535 was slurried into a 1-cm-diameter column 
fitted with a coarse-grade sintered glass filter. This was followed by 1 g of a 
1:1 mixture of washed Celite 535 and Norit ANF IX (Pfansteihl Laboratory, 
Inc.). The charcoal-Celite column was washed with approximately 30 ml of 
distilled water under 2 to 3 lb pressure. A portion of HCIO, extract (usually 
5 ml) was introduced onto the column. Inorganic and sugar phosphates were 
eluted with 100 ml of distilled water (experiments indicated that all inorganic 
and sugar phosphates were removed after 30 ml of water had been passed through 
the column), and adsorbed nucleotides were eluted with 100 ml of ethanol- 
ammonia—water (40:1:59). (After 40-50 ml had passed through, the ultraviolet 
absorption of the eluate from the column measured at 260 my was reduced 
essentially to zero.) 


ANALYTICAL METHODS 


Inorganic phosphate was determined by taking an appropriate amount of 
the test sample and developing the colour directly by the method of Fiske and 
Subbarow (1925). For total phosphate determination the sample was dried 
in an 18 X 150-mm calibrated colorimeter test tube and digested with 1.0 ml of 
4N HCIO, until colourless. The tube was then partially cooled, and 3.0 ml of 
distilled water was added to the digest which was then placed in a boiling water 
bath for 10 min. The colour was developed as for inorganic phosphate. “Sugar 
phosphate"’ was indirectly determined by taking the difference between the 
total and inorganic phosphate content of the Norit water eluate fraction. Total 


phosphorus, as used in this report, was the sum of the total acid-soluble and total 
fat-soluble phosphate. 
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Inositol was determined by a slight modification of the yeast assay method 
using Saccharomyces carlsbergensis A.T.C.C. 4228 (Johnson, 1948). The prepared 
basal medium was incubated overnight with washed yeast cells and the resulting 
growth was removed by centrifugation. This treatment was necessary in order 
to remove contaminating traces of inositol in the assay medium and to obtain 
low blank readings. ‘‘Free’’ acid soluble inositol was determined on an untreated 
portion of the HCIO, extract. Total acid-soluble inositol and lipid inositol were 
determined after hydrolysis with HCl. In the cases where slightly lower values 
were obtained for total acid-soluble inositol than for free inositol, hydrolysis of 
authentic inositol indicated that the discrepancy was not due to degradation of the 
inositol molecule by acid hydrolysis but possibly to the production of inhibitory 
substances which interfered with the yeast growth. All determinations were 
made in duplicate and a standard growth curve covering a range of 2 to 50 ug 
of inositol was included with each assay. 

Creatine (both “free’’ and ‘‘bound”’) was determined on the HC10, extract 
by the a-napthol procedure as described by Ennor and Rosenberg (1952). 


RESULTS AND DISCUSSION 


The results presented in the accompanying Tables are the average values 
obtained from separate analyses of four groups each of male and female fish at the 
previously described sampling stations. All data have been statistically analyzed 
and are recorded as mean + standard error. Only changes which were 
statistically significant (where p was less than 0.05 as determined by the “‘t’’ test) 
have been included in the discussion. 

The Tables which refer to the standard fish show the components as their 
absolute amounts in each organ and tissue since the change in the weight of each 
organ has been taken into account. 

Since the intervals between the collection of the samples and the completion 
of the analyses cover a period of 18 months, the data presented for some 
components, e.g. nucleotide and possibly phospholipid, should be regarded as 
minimal values for some tissues, but these values are sufficiently quantitative 
to permit comparison of the results at different stages of the migration even though 
the values may not be absblute. 


DISTRIBUTION OF PHOSPHORUS COMPOUNDS 


FEMALE: CHANGES IN PERCENTAGE COMPOSITION. The analyses of the various 
tissues are shown in Table |. The total phosphate content of the combined head, 
skin, bones and tail increased by 12% in the migratory journey from Lummi 
Island to Forfar Creek, with the different components remaining in the same 
relative proportions: 50% inorganic or free phosphate; 40% lipid phosphate; 
10% sugar phosphate and 0% nucleotide phosphate. In the flesh, total phosphate 
varied only slightly during migration. However, nucleotide phosphate decreased 
by 23% and sugar phosphate increased by 33% at Forfar Creek after an initial 
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TABLE I. Distribution of phosphorus compounds in the tissues of the female migrating sockeye 





salmon. 








Component (ug P/g tissue) 








Tissue Location 
Total Inorganic Sugar Nucleotide Lipid 
Lummi ls. 561+16.7** 262+12.0** 5741.6 - 245+8.9 
Head, etc. Lillooet 431+14.9** 143 +6.8** 47 +4.6* - 222+17.2 
Forfar Cr. 629+12.0* 313 +5.3* 6243.1 ~ 245 +7.8 
Lummi Is. 2104+77.5 1530 +38.2 156+21.0* 203+6.6 276435.7 
Flesh Lillooet 2134 +28.4* 1580 +35.6 51+3.8** 201+6.4** 265 +2.0** 
Forfar Cr. 2259+17.9 1567 +30.1 208+15.6 156+1.3** 238+2.4 
Lummi Is. 1972+51.2** 469 +6.8 348+13.5* 125+7.0 721 +19.1** 
Gonads Lillooet 2699 + 66.1 502 + 23.5 437+28.9 110+5.5 1421 +67.5 
Forfar Cr. 2540+51.2** 455+19.5 397+29.5 1124+13.3 1343 +43.0** 
Lummi ls. 982+58.8 466 + 24.6* 85+17.6 109+8.3* 287 +37.3* 
A. tract Lillooet 944 + 20.9* 332 +6.4** 97 +4.0* 73+9.1* 476 +3.6* 
Forfar Cr. 666+46.9* 143 +8.2** 81+2.6 32 +3.5** 405 +15.1* 
Lummi Is. 1497 +24.2* 656 + 24.5 123 +9.6 74+8.6 624 +34.0** 
Liver Lillooet 1774+45.5 621+14.3* 94+9.0 88+4.2 999 + 49.0 
Forfar Cr. 1875+16.8** 549+18.0* 120+10.9 65+9.4 1095 +30.8** 
Lummi Is. 1116+35.2 539 +36.7 79+11.5* 4947.9 310 +35.3 
Kidney Lillooet 1192 +63.3 539 +13.2 147+19.1 66+7.2 348 + 26.8 
Forfar Cr. 1149+47.7 505 + 13.6 203+12.0* 5442.6 309 + 26.8 


The following footnotes apply to this and similar subsequent tables: 





Head, etc. = combined head, skin, bones and tail; A. tract = alimentary tract. 
A single asterisk (*) indicates a significant change (p = 0.05 to 0.001); a double asterisk 


(**) means a very significant change (p<0.001). 


The presence of either symbol in a Lummi 


Island line refers to the change between Lummi Island and Lillooet; in a Lillooet line, the com- 
parison is between Lillooet and Forfar Creek; and in a Forfar Creek line, the comparison is 
between this point and Lummi Island. 


66% decrease between Lummi Island and Lillooet. 


There was an increase of 29% 








in total phosphate per gram of tissue in the roe, the greater part of which was 
found in the earlier stage of migration and occurred mainly in the lipid fraction. 
The major phosphorus component in roe was associated with the lipid fraction 
and accounted for 37% of the total at Lummi Island and 53% at Forfar Creek. 

The change in phosphorus distribution during spawning migration was most 
pronounced in the alimentary tract. The total phosphate in these tissues 
decreased by one-third between Lummi Island and Forfar Creek. Inorganic 
phosphate decreased from 47% of the total at Lummi Island to 22% at the 
spawning grounds where it was present at a level which was only one-third of that 
at Lummi Island. Nucleotide phosphate decreased by 70% so that it accounted 
for only 4.8% of the total phosphate at Forfar Creek as compared with 11% at 
Lummi iaeed. In contrast to the losses shown by these phosphorus components, 
the lipid phosphate content of the alimentary tract increased by 41% so that it 
was the major component at Forfar Creek (61% of the total). 
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The total phosphate per unit weight of liver increased by 25% between 
Lummi Island and Forfar Creek. This increase was due to the great increase 
(75%) in the lipid fraction, since the other constituent types, especially inorganic 
phosphate, decreased. The distribution in the liver at Lummi Island was 43% 
inorganic, 42% lipid, 8% sugar and 5% nucleotide phosphate. At Forfar Creek, 
the distribution was 59% lipid, 29% inorganic, 6% sugar and 3.5% nucleotide 
phosphate. 

The only significant change in the kidney was an increase of 157% in sugar 
phosphate. 

On a percentage composition basis, the roe and liver were richest in lipid 
phosphate, the flesh in inorganic phosphate, and the combined head, skin, bones 
and tail were poorest in phosphorus compounds. 


CHANGES IN THE STANDARD FEMALE. The percentage composition data in 
Table I and the weights of the various tissues of the standard female (Idler and 
Tsuyuki, 1958) were used to calculate the absolute changes in phosphate levels 
in the standard female fish. The results are presented in Table II. 

A 21% increase of total phosphate in the combined head, skin, bones and 
tail with arrival of the fish at the spawning grounds was due to an increased 
phosphate concentration in the tissues which was accompanied by a 6% gain in 





the weight of these tissues. 


TABLE II. Distribution of phosph 





Component (mg P/standard fish) 





orus compounds in the tissues of the standard female fish. 





On the other hand, although there was no significant 





Tissue Location a w= —- 
Total Inorganic Sugar Nucleotide Lipid 
Lummils. 440+13.1** 206 +9.4** 45 +1.3* = 192+7.0 
Heads, etc. Lillooet 330 +11.4** 109 +5.2** 36 +3.5* = 170 +13.1 
Forfar Cr. 524+10.0** 261 +4.4* 52 +2.6* - 204+6.5 
Lummi Is. 2809+103.5* 2043+51.0* 208+28* 271 +8.8* 368 +47.7 
Flesh Lillooet 24224+32.2** 1793+40.4** 58+4.3** 228+7.3** 301 +2.3** 
Forfar Cr. 2110+16.7** 1464+4+28.1** 194+14.6 146+1.2** 222 +2.2 
Lummi Is. 160 +4.1** 38 +0.5** 28+1.1** 10.0+0.6* 58 + 1.5** 
Gonads Lillooet 372 +9.1** 69 +3.2** 60+4.0** 15.2+0.8* 196 +9.3** 
Forfar Cr. 757 +15.3** 136+5.8** 118+8.8**  33+4.0* 400 + 12.8** 
Lummi Is. 77+4.5** 36+1.9** 6.6+1.4* 8.5+0.6** 22.4+2.9* 
A. tract Lillooet 24.7 +0.5** 8.7 +0.2** 2.5+0.1%* 1.9+0.2°* 12.5 +0.09** 
Forfar Cr. 8.6 +0.6** 1.8+0.1** 1.0+0.03* 0.4+0.05** 5.2+0.19* 
Lummi Is. 60 +1.0** 26+1.0 4.9+04 3.0 +0.3* aria 
Liver Lillooet 79 +2.0 28 +0.6** 4.2+0.4 3.9+0.2* 4542.2 
Forfar Cr. 76 +0.7** 22 +0.7** 4.9+0.4 2.6+0.4 44+1.2** 
Lummi Is. 24+0.8 11.6+0.8 1.7+0.2 1.1+0.2 6.7+0.8 
Kidney Lillooet 24+1.3 10.7 +0.3 2.9+0.4 1.3+0.1 6.9+0.5 
Forfar Cr. 23+0.9 9.9+0.3 4.0+0.2** 1.1+0.05 6.1+0.5 
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change in the concentration per unit weight of flesh, the total phosphate content 
in this tissue decreased 25% in the standard female fish during river migration. 
This was due to a 43% loss in weight of the flesh and was reflected as a decrease 
of 46% in nucleotide phosphate, 40% in lipid phosphate and 28% in inorganic 
phosphate. Percentage compositionwise, the roe showed a 29% increase in total 
phosphate, but due to the great increase in weight of roe, the net amount of total 
phosphate at the spawning grounds was almost 5 times that at Lummi Island. 
This constituted a 6-fold increase in lipid phosphate, a 3-fold increase in sugar 
phosphate, a 2.5-fold increase in inorganic phosphate and a 2-fold increase in 
nucleotide phosphate. 

The total phosphate content of the alimentary tract for the standard female 
fish at Forfar Creek was only 11% of that at Lummi Island. The changes in 
the percentage composition of the tissue thus assume even greater significance 
in the standard fish. Both inorganic and nucleotide phosphates were depleted 
by 95%, sugar phosphate by 85% and lipid phosphate by 77% (contrast this 
decrease with the apparent increase in this component on a percentage composition 
basis). 

The 27% gain in total phosphate in the liver of the standard female was due 
to the 75% increase in lipid phosphate, since inorganic and nucleotide phosphate 
decreased 15 and 13% respectively. The only change encountered in the kidney 
of the standard female was a 136% increase in sugar phosphate. A balance 
sheet illustrating the statistically significant changes in the loss of phosphate 
by some tissues and the gain by others between Lummi Island and Forfar Creek 
isgivenin Table III. It is obvious that the principal source of available phosphate 
in the standard female fish was the flesh. The decrease in total phosphate in the 


TABLE III. Changes in phosphorus compounds in tissues of the 
standard female salmon between Lummi Island and Forfar Creek. 


Net change 





Component Loss (mg P) Gain (mg P) (mg P) 
Total phosphorus Flesh -699 Gonads +597 
A. tract -68 Heads, etc. +94 
Liver +16 
-60 
Inorganic phosphorus Flesh -579 Gonads +98 
A. tract -34 Heads, etc. +55 
Liver 4 
464 
Sugar phosphorus A. tract -6 Gonads +90 
Heads, etc. +7 
Kidney +2 
+93 
Nucleotide phosphorus Flesh -125 Gonads +23 
A.tract -8 
-110 
Lipid phosphorus Flesh -146 Gonads +342 
A. tract -17 Liver +19 


+198 
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flesh was enough to account for the increase in total phosphate in the roe and 
combined, head, skin, bones and tail. However, the gain in lipid phosphate 
by the roe and liver was not balanced by a corresponding loss of this component 
in the other tissues. The same was true of the increases in sugar phosphate. 
On the other hand, the very large decrease of inorganic phosphate in the flesh 
which was not wholly compensated for in the other tissues suggests that inorganic 
phosphate may be involved in the de novo synthesis of lipid or sugar phosphate 
elsewhere. 


MALE: CHANGES IN PERCENTAGE COMPOSITION. The results of the tissue 
analyses for the male are presented in Table IV. In contrast to the female, the 
total phosphate of both the flesh and the combined head, skin, bones and tail 


TABLE IV. Distribution of phosphorus compounds in the tissues of the male migrating sockeye 




















salmon. 
J Component (ug P/g tissue) 7 : 
Tissue Location -— 
Total Inorganic Sugar Nucleotide Lipid 
Lummils. 572+17.6** 285 +14.9%* 36+1.5** - 241 +4.8* 
Head, etc. Lillooet 446 + 13.5* 164+9.4** 69+2.9 - 211+3.1 
Forfar Cr. 493+4.4* 2544+7.8 64+1.4** - 179 + 26.8* 
Lummi Is. 2380+49.6* 1626+16.5 210+12.9** 189+5.6 291415.4 
Flesh Lillooet 2085 + 86.5 1613 +28.1* 42+6.7** 197+2.0** 259 +9.6 
Forfar Cr. 2047+15.0** 1444+8.7* 158+10.7* 152+4.4* 286 + 16.0 
Lummi Is. 1175+40.6 714415.2 132+14.6 41+3.7 306 +29.4 
Gonads Lillooet 1257 +42.1* 7774+52.1* 139414.4* 4043.8 276 + 22.8* 
Forfar Cr. 1114+32.9 542+16.9** 186+3.1* 40+3.9 353 412.5 
Lummils. 897+43.1 363 + 18.9 76+8.3 93 +4.0* 295 +28.0* 
A. tract Lillooet 950 +47.3* 360+19.7** 94+10.4 67 +6.0* 424+ 26.3 
Forfar Cr. 685+16.3* 175+4.7** 103+44.7* 344+2.4** 393 +22.3* 
Lummi Is. 1323+43.5* 582+18.5* 17142.7** 6822.5 529 + 28.5** 
Liver Lillooet 1606 + 43.6 718+40.1* 114+4.9* 70+4.1* 726 +29.3** 
Forfar Cr. 1667 +46.4* 516+13.1* 175+15.8 45+4.7* 915 +46.8** 
Lummi Is. 1156+29.2* 598+17.5* 180+17.1 52+319** 319+ 24.3 
Kidney Lillooet 1352 +37.3 767+50.8* 2314+13.6 94 +1.8** 292 +17.9° 
Forfar Cr. 1287 +A6.6* 536 + 22.9 213+12.7 4443.5 





485 +57.4* 





of the male was decreased (14%) on arrival of the fish at the spawning grounds. 
As in the case of the female, inorganic phosphate was the predominant type (50%) 
in the combined head, skin, bones and tail. The distribution of the other 
components was lipid phosphate (42% at Lummi Island, 36% at Forfar Creek) 
and sugar phosphate (6% at Lummi Island and 13% at Forfar Creek). As in 
the case of the female, there was no detectable nucleotide phosphate in the head, 
skin, bones and tail of the male. The distribution of the various components 
in the flesh was similar for both sexes (inorganic 70%, lipid 12%, sugar 9% and 
nucleotide phosphate 8%). 


a: 


~ 
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The milt contained 60% as much total phosphate as did roe at Lummi Island, 
and 44% as much at Forfar Creek. In milt, the major phosphate component was 
inorganic (60% at Lummi Island and 49% at Forfar Creek) followed by lipid 
phosphate (26% at Lummi Island and 32% at Forfar Creek). Sugar phosphate 
accounted for 11% of the total phosphate at Lummi Island and 17% at Forfar 
Creek, while nucleotide phosphate remained at 3.5% throughout the entire river 
migration. Total phosphate levels and the distribution of the various components 
were almost identical in the alimentary tract of both sexes. 

Total phosphate was 12 to 13% higher in the female liver than in male liver. 
The lipid phosphate content was 20% greater at Lummi Island and Forfar Creek 
and 38% greater at Lillooet for the female. In contrast to the levels found in the 
liver, those of the male kidney were slightly higher in total phosphate than were 
those of the female. An 81% increase in the amount of nucleotide phosphate 
was found in the male kidney between Lummi Island and Lillooet; the level then 
dropped from Lillooet to Forfar Creek, where it was slightly lower than that at 
Lummi Island. Lipid phosphate increased by 52% per unit weight of kidney; 
this increase occurred between Lillooet and Forfar Creek. 


CHANGES IN THE STANDARD MALE. The analytical data of the male tissues 
(Table IV) were used in conjunction with the weights of the male standard fish 


(Idler and Tsuyuki, 1958) to determine the absolute phosphate levels. 


data are shown in Table V. 


These 


TABLE V. Distribution of phosphorus compounds in the tissues of the standard male fish. 





Component (mg P/standard fish) = 








Tissue Location : _ - 
Total Inorganic Sugar Nucleotide Lipid 
Lummils. 504+15.5** 251 +13.1%* 32+1.3°* - 212+4.2** 
Head, etc. Lillooet 388 +11.5** 143 +8.2** 60 +2.5 - 184+2.7 
Forfar Cr. 521+4.7 268 +8.2 68 +1.5** - 189 + 28.3 
Lummi Is. 3491+72.8** 2385+24.2** 308+418.9** 277+8.2 427 +22.6* 
Flesh Lillooet 2715+112.6  2100+36.6* 55+8.7** 256+2.6** 337 +12.5 
Forfar Cr. 2669+19.6**  1883+11.3** 206+14.0* 198+5.7** 373 +20.9 
Lummi Is. 66 +2.3** 40 +0.9** 7.5 +0.8* 2.3 +0.2* 17.3+1.7 
Gonads Lillooet 103 +3.5 64+4.3* 11.4+1.2* 3.3 40.3 22.6+1.9* 
Forfar Cr. 95 +2.8** 46+1.4* 15.9+0.3** 3.4+0.3* 30 +1.1** 
Lummi Is. 81+3.9** 33+1.7** 6.9 +0.8* 8.4+0.4** 26.7+2.5* 
A. tract Lillooet 28.6+1.4** 10.8 +0.6** 2.8 +0.3* 2.0 +0.2** 12.8 +0.8** 
Forfar Cr. 11.2 +0.3** 2.9+0.08** 1.7+0.08* 0.6+0.04** 6.4+0.4** 
Lummi Is. 42+1.4 18.4+0.6 5.4+0.8** 2.1+0.08 16.7+0.9 
Liver Lillooet 41+1.1** 18.2+1.0 2.9+0.1** 1.8+0.1 18.5+0.7** 
Forfar Cr. 63 +1.7** 19.4+0.5 6.6 +0.6 1.7+0.2 34+1.8** 
Lummi Is. 30 +0.8 15.5+0.5 4.7+0.4 1.4+0.1* 8.3+0.6 
Kidney Lillooet 32 +0.9* 17.9+1.2 5.4+0.3 2.2 +0.04** 6.8 +0.4* 
Forfar Cr. 36 +1.3* 15.1+0.6 6.0+0.4 1.2+0.1 13.6 + 1.6* 
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The sugar phosphate content of the combined head, skin, bones and tail was 
doubled between Lummi Island and Forfar Creek. Of this increase, 78% occurred 
in the initial stage of the migration. The flesh of the standard male was 24 to 
26% greater than that of the standard female in total phosphate. Lipid phosphate 
was also 19% higher at Lummi Island and 68% higher at Forfar Creek in the flesh 
of the standard male. Although the loss of lipid phosphate from the flesh of the 
standard male was only one-third of that lost by the standard female, the decrease 
in flesh lipid phosphate of the male was not balanced by an increase in lipid 
phosphate in the gonads as was the case for the standard female fish. 

The distribution of phosphorus components in the alimentary tract and kidney 
was similar in both sexes. The kidney of the standard male showed a 64% increase 
in lipid phosphate at Forfar Creek and, as with percentage composition data (Table 
IV), an initial increase and a subsequent decrease was found in the nucleotide 
fraction. 

The total phosphate level was consistently higher in the standard female 
liver than in that of the standard male (43% higher at Lummi Island and 20% 
higher at Forfar Creek). This was primarily due to the differences in weight of 
the liver in two sexes. The total phosphate content of the standard male liver 
was increased by 50% during spawning migration, due to an increase both in 
the weight of the liver and the lipid phosphate content. In both sexes, the liver 
lipid phosphate level at Forfar Creek was greater than that at Lummi Island 
(1.75 times for the standard female and twice for the standard male). 

A balance sheet of phosphate loss or gain in the standard male is given 
in Table VI. As with the standard female, it is evident that the principal 
phosphate source in the standard male was the flesh. Although the loss in 
phosphate was about the same for both sexes, the net loss was much greater for 


TABLE VI. Changes in phosphorus compounds in tissues of the 
standard male salmon between Lummi Island and Forfar Creek. 


Net change 











Component Loss (mg P) Gain (mg P) (mg P) 
Total phosphorus Flesh -822 Gonads +29 
A.tract -70 Liver +21 
Kidney +6 
/ -836 
Inorganic phosphorus Flesh -502 Gonads +6 
A. tract -30 
-526 
Sugar phosphorus Flesh -102 Gonads +8 
A.tract -5 Head, etc. +36 
-63 
Nucleotide phosphorus Flesh -79 Gonads +1 
A.tract -8 
—86 
Lipid phosphorus A. tract -20 Gonads +13 
Liver +17 
Liver +5 


+15 
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the standard male since there was not the very large gain in the gonads that took 
place in the case of the stndaard female. 


CHANGES IN CREATINE 


No difference was obtained in ‘‘free’’ and ‘“‘total’’ creatine and the results 
given in Table VII are in terms of the total creatine content of the tissue. Even 
though precautions were taken to minimize chemical change, both when the fish 
were caught and during storage, breakdown of creatine phosphate would be 
expected under the experimental conditions. 


TABLE VII. Creatine content of the tissues of migrating sockeye 
salmon (ug/g tissue). 


Location 
Tissue Sex - = —__—_—_— 

Lummi Is. Lillooet Forfar Cr. 
Head, etc. a 1366 + 25.0 1296 + 16.8** 1117 +8.7** 
Flesh A 5108 +27.5 5174+128.3 5009 +41.8 
Gonads a 1044 + 36.9 941 +63.8 855 +51.9* 
A. tract a 705 +27.2 740+5.9 704 +25.1 
Liver A 259 + 14.8** 108 +6.2 1324+9.5" 
Kidney A 473 +14.9** 288 + 12.7* 183 + 13.0** 
Head, etc. Q 1471+22.6 1465+51 1452 +31.2 
Flesh 9 5255 + 136.2 5304 +91.1* 5647 +61.1* 
Gonads g 140 +2.9* 116+9.3 125+7.2 
A. tract 2 715 +20.8 739 +10.5 721+5.2 
Liver 9 211+11.6* 163 +6.9* 269 + 18.2* 
Kidney g 492 +25.0** 287 +25.0* 401 +31.4* 








CHANGES IN PERCENTAGE COMPOSITION. The concentration of creatine was 
much greater in the flesh than in any other tissue. At all three sampling stations, 
flesh creatine was approximately 4 times higher than that of the combined head, 
skin, bones and tail. Flesh creatine increased by 7.5% between Lummi Island and 
Forfar Creek in the female. The combined head, skin, bones and tail of the male 
lost 18% of its creatine content during migration and 70% of this has occurred 
between Lillooet and Forfar Creek. On an equal weight basis the combined 
head, skin, bones and tail contained twice as much creatine as did the alimentary 
tract. Milt contained at least 6 to 7 times as much creatine as did roe. 

Male livers lost more than one-half their creatine during the river migration. 
In contrast, female livers increased by 27%. As in the case of the liver, male 
kidney samples showed a decrease (60%) on arrival of the fish at Forfar Creek. 
Those of the female showed a decrease of 20% only. 


CHANGES IN THE STANDARD FISH. The absolute creatine content in the 
standard fish was estimated from the data of Table VII and the weights of the 
standard fish (Idler and Tsuyuki, 1958). The results are given in Table VIII. 
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TABLE VIII. Creatine content of the tissues of the standard fish 
(mg/standard fish). 














Location 
Tissue Sex ——— 

Lummi Is. Lillooet Forfar Cr. 
Head, etc. J’ 1203 + 22.0* 1129 + 14.6* 1181+9.2 
Flesh a 7493 +40.3* 6737 + 167.0 6532 + 54.5** 
Gonads a 59+2.1* 77+5.2 73 +4.4* 
A. tract a’ 64+2.5** 22.3 +0.2** 11.5+0.4** 
Liver rou 8.2+0.5** 2.7+0.5 4.2+0.4** 
Kidney J 12.3+0.4** 6.7 +0.3* 5.1+0.4** 
Head, etc. 9 1159+17.7 1121 +39.0 1211+26.0 
Flesh 9 7015+181.8* 6020+103.4**  5274+57.1** 
Gonads 9 11.2 +0.2* 16+1.3** 37 +2.1** 
A. tract 9 56+1.6** 19.4+0.3* 9.3 +0.07** 
Liver Q 8.5+0.5** 7.3 +0.3* 10.9 +0.7* 
Kidney 9 10.6 +0.5** 5.7 +0.5* 7.9+0.7* 








The major source of creatine was the flesh. Although percentage composition 
data indicated an increase in flesh creatine in the female as migration proceeded, 
there was an actual loss of 25% from the flesh of the standard female fish. The 
loss from the flesh of the standard male was 13%. 

Conversely, although the creatine concentration decreased per unit weight 
of gonad in both sexes, it increased 24% and 236% in the milt and roe, respectively, 
during migration due to the very large increase in the weight of these tissues in 
the standard fish. 

The alimentary tract of both the standard male and female lost 82% of its 
Lummi Island creatine on arrival of the fish at the spawning grounds. Four-fifths 
of this loss was incurred during the earlier phase of the river migration. The 
total liver creatine level was the same in both sexes at Lummi Island. However, 
at Forfar Creek the liver of the standard male had lost 49% but that of the 
standard female had increased its Lummi Island creatine content by 28%. The 
amount of creatine in the kidney was greater in the standard male than in the 
standard female at Lummi Island, but the reverse was true at Forfar Creek due to 
the greater depletion in the standard male. 

On a comparative basis, salmon flesh had a creatine concentration which was 
somewhat greater than that of the rabbit, cat, dog and guinea pig (Ennor and 
Rosenberg, 1952). The amount contained in salmon liver falls within the range 
of that given for the rabbit, but is considerably lower than that of the cat. 


DISTRIBUTION OF INOSITOL COMPOUNDS 


CHANGES IN PERCENTAGE COMPOSITION. 
recorded in Tables IX-A and IX-B. 

Total inositol was found in approximately equal concentration in the com- 
bined head, skin, bones and tail of both sexes at Lummi Island and the acid-soluble 


type predominated. Total inositol increased by 50% in these tissues of the female 
between Lillooet and Forfar Creek. 


The results of the analyses are 
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TaBLeE IX-A. Distribution of inositol in the tissues of the female migrating sockeye 
salmon. 


Tissue 


Head, etc. 


Flesh 


Gonads 


A. tract 


Liver 


Kidney 


Inositol (ug/g tissue) 





Acid-soluble 





Location eae? 

Total Free Total Lipid 
Lummi ls. 156+5.5 52+5.5 53+2.4 42+2.0 
Lillooet 141 +2.5°* 58 +2.3 56+2.4* 3443.1 
Forfar Cr. 234+13.7** 5443.3 46+2.7 37+2.3 
Lummi Is. 202+2.5 13 +0.4** 2241.3 103 +7.0 
Lillooet 209 + 5.2 2241.6 27 +0.3 121+1.9* 
Forfar Cr. 195+8.2 19+1.9* 2121.5" 108+2.4 
Lummi Is. 462+13.3 59 +4.0* 60 +2.1* 62 +2.5* 
Lillooet 456+12.3 41+5.8 49+1.8 156 + 20.5 
Forfar Cr. 474+35.6 42+3.6* 50+5.0 186 + 10.2** 
Lummi ls. 357+15.5* 292+12.3** 216+12.2* 6+1.1°* 
Lillooet 308 + 11.3* 163 +12.3* 126+10.1 71+3.8 
Forfar Cr. 246+16.9* 100 +3.5** 99 +17.9* 69+5.5** 
Lummi Is. 671+14.8 139 +18.9* 122 +10.0* 275 +26.7 
Lillooet 662 + 18.4 70 +4.2 81+4.6 334+8.2* 
Forfar Cr. 683+19.9 85 +7.7* 91+3.3* 509 + 40.8* 
Lummi Is. 292+15.3** 201+19.8* 190 + 24.0* 3143.1 
Lilloet 539 + 38.7 332 418.3 308 + 26.3 24 + 1.5** 
Forfar Cr. 451+3.5** 271 +14.0* 266 + 13.5* 


93:4:7.3*° 





TABLE IX-B. Distribution of inositol in the tissues of the male migrating sockeye 
salmon. 


Tnositol (ug/g tissue) 





Acid-soluble 








Tissue Location 
Total Free Total Lipid 
Lummi Is. 143+6.4 59+2.8 51+1.7* 25+2.2 
Head, etc. Lillooet 156+1.9 60 +2.0* 58 +1.1** 28 +1.3* 
Forfar Cr. 143+6.6 67+1.0 39 +0.4* 17+5.4 
Lummi Is. 203+1.7 16 +0.5* 20 +0.3** 105 +3.5 
Flesh Lillooet 203 +5.7** 25+1.9 36 + 1.6* 101 +5.6* 
Forfar Cr. 144+3.6** 21+2.5 2641.7 122 +5.3* 
Lummi Is. 237+13.8 163 +11.3 159+9.6 18+3.4 
Gonads Lillooet 247 +15.4* 193 + 10.8* 160 +7.2* 17 +0.6* 
Forfar Cr. 200+7.0 142+14.6 95 +8.3* 6+2.4* 
Lummi Is. 342+12.5 256 + 16.0* 234 + 11.8* 13+2.7* 
A. tract Lillooet 321+9.8** 197+13.4** 160+5.6* 52 +6.3* 
Forfar Cr. 207+5.7** 83+7.9** 87+11.5 90 +5.1** 
Lummi Is. 574+8.6* 103 +5.6 112+5.4 235 + 16.0 
Liver Lillooet 630 + 14.3 136+14.0 115+9.9 267 +15.1* 
Forfar Cr. 641+18.5* 111+5.8 83+12.1* 421+11.8** 
Lummi Is. 397+19.8** 266+9.1** 228 +7.1** 40+4.1 
Kidney Lillooet 612 +19.5 550 + 47.4* 407 + 13.3* 32+4.4 
Forfar Cr. 572+45.8* 330 + 20.2* 258 + 28.4 45+7.0 
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The flesh of both male and female fish contained approximately identical 
levels of total, acid-soluble and lipid inositol at Lummi Island. However, the 
total inositol was reduced by 30% in the male at the spawning grounds. Lipid 
inositol was the major type in the flesh of both sexes. The concentration of 
inositol in the flesh was similar to that found in mammalian muscle (0.02% 
(West and Todd, 1955). 

On an equal weight basis, roe was twice as rich as milt in total inositol. 
On the other hand, the milt contained more than twice as much acid-soluble 
inositol as did the roe. The lipid inositol in milt was reduced by one-third at 
Forfar Creek, whereas that of the roe was increased by twice the amount present 
at Lummi Island. 

Acid-soluble was the principal form of inositol in the alimentary tract at the 
beginning of migration where the levels were more than 15 times those of the 
lipid type. At the end of migration the total inositol content of the alimentary 
tract had been depleted by one-third, the acid-soluble by two-thirds, but the 
lipid inositol level increased 10 times in the female and 7 times in the male. 

On a percentage composition basis, the liver was the richest source of total 
inositol with a ratio of lipid to acid-soluble of about 2:1 at Lummi Island and 
about 4:1 at Forfar Creek. The lipid inositol level at Forfar Creek was almost 
twice that at Lummi Island. 

In contrast, the kidney of both sexes was substantially higher in acid-soluble 
than in lipid inositol. A 54% increase in total inositol in the female kidney during 
migration resulted from a 35% increase in the acid-soluble and a 200% increase 
in the lipid fractions. The kidney of the male showed a 44% increase in total 
inositol and a 25% increase in acid-soluble inositol at Forfar Creek. 


CHANGES IN THE STANDARD FISH. The absolute changes of inositol calculated 
on the basis of the standard fish (Idler and Tsuyuki, 1958) are summarized in 
Tables X-A and X-B. 

Although it would appear from the percentage composition data that the 
major sources of inositol were the liver and kidney, and the minor sources were 
the flesh and combined head, skin, bones and tail, the reverse is true in the 
standard fish. The flesh represented 50 to 57% of the total weight of the standard 
fish at Lummi Island and Lillooet and was the major source of inositol. There 
was a 36 and 32% decrease in total inositol from the flesh of the standard male 
and female, respectively, throughout the entire river migration. The ratio of 
flesh total inositol to that of the combined head, skin, bones and tail was 2.2:1 at 
Lummi Island for both sexes and 0.95:1 for the standard female, and 1.2:1 for 
the standard male at Forfar Creek. Total inositol in the combined head, skin, 
bones and tail increased 60% in the standard female and 20% in the standard male 
during migration. 

The very large increase in the weight of roe resulted in an overall increase 
of total inositol in this tissue of the standard fish. The total roe inositol at 
Forfar Creek was almost 4 times that at Lummi Island and was comprised of an 
almost 2-fold increase in the acid-soluble and a 10-fold increase in the lipid 
fraction. 


mam ty 
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TaBLE X-A. Distribution of inositol in the tissues of the standard female fish. 





Inositol (mg/standard fish) 


Acid-soluble 








Tissue Location - 
Total Free Total Lipid 
Lummi Is. 122+4.3* 41+4.3 42+1.9 33+1.6 
Head, etc. Lillooet 108 +1.9** 444+1.8 43+1.8 26+2.4 
Forfar Cr. 195+11.4** 45+2.8 38 +2.3 31+1.9 
Lummi Is. 270+3.3* 17.4+0.5* 29 +1.7 138+9.3 
Flesh Lillooet 237 +5.9* 25 +1.8* 31+0.3* 137 +2.2** 
Forfar Cr. 18247.7** 17.741.8 25+1.4 101 +2.2* 
Lummi Is. 37 +1.1** 4.7+0.3 4.8 +0.2** 5.0+0.2** 
Gonads Lillooet 63 +1.7** 5.7 +0.8* 6.8 +0.2* 21.5 +2.8** 
Forfar Cr. 141+10.6** 12.5+1.1** 14.9+1.5** 55+3.0** 
Lummi ls. 28+1.2** 22.941.0**  16.9+41.0**  0.47+0.086** 
A. tract Lillooet 8.1+0.3** 4.3 +0.3** 3.3 +0.3* 1.9+0.1** 
Forfar Cr. 3.2+0.2** 1.3+0.05** 1.3 +0.3** 0.9 +0.07* 
Lummils. 27+0.6* 5.6+0.8* 4.9+0.4* 11.1+1.1* 
Liver Lillooet 30 +0.8 3.1+0.2 3.6+0.2 14.9+0.4* 
Forfar Cr. 28+0.8 3.4+0.3* 3.7+0.1* 20.6 +1.7* 
Lummi Is. 6.3+0.3** 4.3+0.4* 4.1+0.5* 0.67 + 0.067 
Kidney Lillooet 10.7+0.8 6.6 +0.4* 6.1+0.5 0.48 +0.03** 
Forfar Cr. 8.9+0.07** 5.3+0.3 5.2+0.3 


1940.1" 





TABLE X-B. Distribution of inositol in the tissues of the standard male fish. 


Inositol (mg/standard fish) 








Acid-soluble 
Tissue Location ——— 
Total Free Total 
Lummi Is. 126+5.6 5242.5 45 +1.5* 
Head, etc. Lillooet 136+1.7 §2+1.7** 51+0.95** 
Forfar Cr. 151+7.0* 71+1.05* 41+0.4 
Lummi Is. 298+2.5* 23.5 +0.7* 29+0.4** 
Flesh Lillooet 2644+7.4** 32.64+2.5 47+2.1* 
Forfar Cr. 188+4.7** 27+3.3 3442.2* 
Lummi Is. 13.4+0.8* 9.2 +0.6** 9.0+0.5* 
Gonads Lillooet 20.3 +1.3 15.8+0.9* 13.1 +0.6* 
Forfar Cr. 17.1+0.6* 12.141.2 8.1+0.7 
Lummi Is. 31.04+1.1%*  23.241.4** 21.2+1.1** 
A. tract Lillooet 9.7+0.3** 5.9+0.4** 4.8+0.17** 
Forfar Cr. 3.4+0.09%* 1.44+0.13**  1.4+0.2** 
Lummi Is. 18.1 +0.3* 3.3+0.2 3.5+0.2 
Liver Lillooet 16.0+0.4** 3.5+0.4 2.9+0.3 
Forfar Cr. 24.1+0.7** 4.2+0.2** 3.1+0.5 
Lummi Is. 10.3+0.5* 6.9+0.2** 5.9+0.2** 
Kidney Lillooet 14.3+0.5 12.8+1.1* 9.5 +0.3* 
Forfar Cr. 16.0+1.3* 9.3 +0.6* 


7.2+0.8 


Lipid 
22+1.9 

2441.1 

18+5.6 


154+5.1* 
132 +7.3* 
159+6.9 


1.0+0.2 
1.4+0.05* 
0.5+0.2 


1.2+0.2 
1.6+0.2 
1.5 +0.08 


7.4+0.5 
6.8+0.4** 
15.8+0.4** 


1.0+0.1 
0.76+0.1 
1.26+0.2 











580 JOURNAL FISHERIES RESEARCH BOARD OF CANADA, VOL. 17, NO. 4, 1960 


The alimentary tract of the standard fish expended almost 90% of its total 
inositol reserve between Lummi Island and Forfar Creek. Of this loss 80% 
occurred between Lummi Island and Lillooet. The 33% increase of total inositol 
in the liver of the standard male was mainly due to a 113% increase in lipid 
inositol although there was a 27% increase in acid-soluble inositol. In the 
liver of the standard female, lipid inositol increased by 86%. The kidneys of both 
sexes showed increases in total inositol (male 60%, female 41%) during the river 
migration. 

It has been shown that although the lipid inositol value may vary between 
individuals there is close agreement between the molar ratios of lipid inositol 
to lipid phosphorus in various samples of the same tissue (Taylor and McKibbin, 
1953). In general, this was also found to be true in sockeye salmon at various 
stages of its river migration. For example, the lipid inositol content of the liver 
in the male varied from 1.305 to 2.34 micromoles per gram of tissue between 
Lummi Island and Forfar Creek, but the molar ratios of lipid inositol to lipid 
phosphorus varied only from 0.0765 to 0.0793. The molar ratio of lipid inositol 
to lipid phosphorus in sockeye salmon liver was found to be similar to that of dog 
liver, but was larger than that of the flesh and smaller than that of the kidney 
(Taylor and McKibbin, 1953). 


SUMMARY 


1. On the basis of percentage composition, the roe and the flesh in both sexes 
were the tissues richest in total phosphate while those of the combined head, skin, 
bones and tail were poorest. There was an increase in total phosphate in the roe, 
liver and combined head, skin, bones and tail of the female and in the liver and 
kidney of the male during reproductive migration. These increases were prin- 
cipally due to the increases in lipid phosphate. An initial increase in flesh sugar 
phosphates followed by a decrease was observed in both sexes. The alimentary 
tract showed a marked decrease in inorganic and nucleotide phosphate but an 
increase in lipid phosphate. 


2. As was found for phosphorus compounds, the flesh was the tissue with 
highest creatine content. The level was about 4 times higher than that of the 
combined head, skin, bones and tail, which were second highest in creatine 
concentration. The milt contained 6 to 7 times as much creatine as did the roe. 


3. With the exception of the gonads, inositol was distributed in a similar 
manner in the tissues of both male and female fish. The liver had the greatest 
concentration of inositol per unit weight and lipid inositol was the predominant 
form. The next greatest depot in the female was roe, where the lipid form pre- 
dominated. Kidney was the second richest male tissue in inositol and the acid- 
soluble type predominated. The total inositol concentration in roe was twice that 
in milt where the principal type was acid soluble. Lipid inositol increased in the 
alimentary tract and liver of both sexes and in the kidney of the male during 
migration. 
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4. In the standard fish, the flesh and the alimentary tract were the major 
sources of expendable phosphorus compounds and all components decreased 
during migration. In contrast, the gonads of both the standard male and female 
showed increases in phosphate, with those of the roe being particularly large. 
This was due in part to the very large increase in the weight of this tissue. In 
addition, lipid phosphate increased in the liver of both sexes and also in the 
kidney of the standard male fish. 


5. Flesh creatine decreased by 25% in the standard female and by 13% in the 
standard male during migration. Decreases in total creatine occurred also in the 
alimentary tract and kidney of both sexes and in the liver of the standard male. 
In contrast, the liver of the standard female increased in creatine content as 
also did the gonads of both sexes. 


6. The flesh was the important depot for inositol in the standard fish. The 
amount in this tissue at Lummi Island was twice that in the combined head, 
skin, bones and tail. The flesh lost one-third of its total inositol between Lummi 
Island and Forfar Creek. During the same period, inositol increased in the gonads 
and in the combined head, skin, bones and tail of both sexes. Total inositol, 
and in particular acid-soluble inositol, decreased in the alimentary tract during 
migration while lipid inositol increased in the liver of both sexes and in the roe 
and kidney of the standard female. 
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The Role Of Electrical Conductivity Of Water In 


Shocking Lampreys (Petromyzon marinus) '* 


By R. W. McCauLey 


Fisheries Research Board of Canada 
Biological Station, London, Ont. 


ABSTRACT 


A plot of the critical voltage gradient required to immobilize a sea lamprey in water of 15°C, 
against the logarithm of the conductivity of the water, was described accurately by a rectangular 
hyperbola normal to the axes. The region of rapid change in critical gradient lies below a 
conductivity of 100 micromhos per centimetre cube. The average conductivity of a live lamprey 
at 15° was 2700 micromhos per centimetre cube. 


INTRODUCTION 


THE MAIN METHOD of controlling the sea lampreys (Petromyzon marinus) in the 
Great Lakes, up to the present, has been to prevent their reproduction by placing 
electrical screens across streams where they spawn (Applegate, 1952; McLain 
and Nielson, 1953; Kennedy, 1956). Migration of the lampreys upstream 
during the spawning season is blocked by an electrical field which paralyzes 
the muscles of swimming. In order to stop all lampreys that encounter the 
electrical field, the electrodes in the stream must be so arranged that the minimum 
intensity of the field is always greater than a certain critical level. This level 
is the minimum voltage gradient in the water which effectively immobilizes the 
lampreys. The values of the critical voltage gradient depend on physiological 
and physical variables (Denzer, 1956). The present paper describes the relation- 
ship between the critical voltage gradient for sea lampreys and the conductivity 
of the surrounding water. 


MATERIALS AND METHODS 
EXPERIMENTAL ANIMALS 


Lampreys were caught in live traps set in the Saugeen River (Lake Huron) 
in the spring of 1958. They were considered to be representatives of the spawning 
run of that river. The lengths of the specimens varied between 36 and 44 cm. 
The animals were kept in four 100-litre aquaria in air-saturated water at 15°C 
for 3 weeks prior to the experiments. Throughout the holding period and the 
series of experiments the animals appeared vigorous and healthy. 


'Received for publication October 26, 1959. bes 
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THE EXPERIMENTAL SHOCKING BATH 


Experiments were carried out in an insulated box (Fig. 1), 58 cm square by 
15 cm deep, and having two plate electrodes which were congruent with two 
opposite sides. When the box was filled with water and an electric potential 
applied to the electrodes, an electrical field was set up in the water. This electric 
field was uniform from plate to plate with the equipotential lines arranged like the 
transverse lines on a soccer field. The intensity of the field was expressed in volts 
per centimetre and calculated by dividing the input voltage by the distance 
separating the electrodes. The intensity of current in the electrical field was, of 
course, directly proportional to the conductivity of the water. 





DIRECTION OF CURRENT: FLOW 


DIMENSIONS OF BATH- 58x 58xi5cm 


Fic. 1. Shocking bath in which critical voltage gradients were determined. 


Because of the tendency of the lamprey to attach themselves to the sides 
of the shocking bath, the walls of the tank were covered with fibreglass screening. 
This prevented the lamprey from making a waterproof seal on a flat surface 
with its sucking disc. 


DISTORTION OF ELECTRICAL FIELDS 


When a conductor is placed in an electrical field the equipotential lines in 
its immediate vicinity are distorted. This distortion arises from the difference 
in electrical conductivity between the conductor and the medium in which the 
field is set up. Since the conductivity of the body of a fish is different from 
that of the surrounding water, electrical fields in water will be distorted by the 
presence of fish. Because of field distortion, the lines of flow of electrical current 
will be diverted in a relatively complex manner into the body of the fish. The 
degree to which the current is diverted is a function of the ratio of the conduct- 


e 
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ivities of the two media (Holzer, 1932). It is clear that the intensity of the current 
within the lamprey cannot be calculated from the intensity of current in the 
electrical field in the water, unless conductivity of the lamprey is known. 


DETERMINATION OF CRITICAL VOLTAGE GRADIENTS 


The critical voltage gradient was defined as the minimum voltage gradient 
in the water which immobilizes a sea lamprey. During its determination the 
body of the animal was kept parallel to the direction of current flow. The 
voltage gradient in the bath was gradually increased by means of a variable 
transformer until the critical voltage gradient was reached. The time to reach 
this end point varied between 5 and 30 seconds. Repeated exposures to electric 
fields may produce fatigue in fish, and for this reason, only one determination 
per lamprey per day was made. The mean value of the critical voltage gradient 
for the same sample of 9 lampreys was determined in a series of solutions which 
ranged in conductivity from 34 to 2500 micromhos at 15°C. 


CONDUCTIVITY OF THE Bopy OF A LAMPREY 


In order to get some idea of the ratio of the conductivities of lamprey and 
solution in the experiments, the conductivity of the body of the lamprey was 
estimated. The conductivity of the solution which was iso-conductive with the 
lamprey was determined by a method which was a modification of that used by 
Holzer (1932). A glass tube was filled with a dilute salt solution, the conduct- 
ivity of which had been determined. The conductance of the system (Cs) 
comprising connecting wires, electrodes and solution, was measured by means of 
a bridge. One of the stoppers was then removed and a living lamprey introduced 
(Fig. 2). The stopper was replaced and the conductance of the new system 





CONDUCTIVITY 
BRIOGE 


SOLUTION 


TEST ANIMAL 


Fic. 2. Apparatus used to measure the average conductivity of a living sea lamprey. 
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(C,) measured. This procedure was repeated with other salt solutions which 
had been chosen such that some of the ratios C, : C, were slightly above and some 
slightly below unity. By interpolation, the conductivity of that solution for 
which C, : C, is unity was obtained. The conductivity of this solution was con- 


sidered to approximate the average conductivity of the tissues of the animal’s 
body. 


RESULTS 


CRITICAL VOLTAGE GRADIENTS AND WATER CONDUCTIVITY 


When the critical voltage gradient is plotted against the logarithm of the 
conductivity (C), the curve shown in Fig. 3 is obtained. Each point on the 
curve is the mean of the 9 determinations on the 9 individuals of the experimental 
group. In form, this curve is a rectangular hyperbola having asymptotes 
parallel to the axis. The curve may be transformed to a straight line by the 
appropriate mathematical treatment and from the formula of this line the equation 


Temperoture- I5°C 


VOLTAGE GRADIENT — VOLTS PER CM 





600 800 1000 
CONDUCTIVITY OF WATER — MICROMHOS PER CENTIMETER CUBE 


Fic. 3. The relationship between water conductivity and the voltage gradient in the water 
required to paralyze a sea lamprey. 
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Fic. 4. Transformation of the data of Fig. 3 that results in a straight line. 


of the original curve can be derived. A straight line results (Fig. 4) when the 


critical voltage gradient is plotted against the reciprocal of the logarithm of the 
conductivity, less a constant: 


pak aa 
log C-K 


The numerical value of this constant is, in the present instance, 1.43. 


By least 
squares the equation” of the line is: 


g = 0.58 + 0.53X 


where: g is the critical voltage gradient in volts per centimetre 


1 
X is —————_ 
- log C — 1.43 
The equation of the original hyperbola may now be written: 


0.53 
g = 058 + Cc -143 


CONDUCTIVITY OF LAMPREYS 


The mean value of the conductivity of the solutions which were iso-conductive 
with the bodies of the lamprey was 2700 micromhos at 15°C. This is higher 
than those values (500-1000 micromhos) obtained for other fish by other authors 
(Holzer, 1932; Haskell, 1954; Loeb, 1955; Whitney and Pierce, 1957). 
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DISCUSSION 


The body of a lamprey in an electrical field conducts current. It is this 
current which produces the various electro-physiological effects which are 
observed when a lamprey encounters an electric field in water. There are two 
things which.determine the amount of current that enters the body of the animal 
—the current density.in the surrounding water and the extent to which the 
lamprey, as a conductor, diverts this current into its body. Both of these are 
controlled by the conductivity of the water. Current density (voltage gradient 
constant) depends directly on conductivity. The extent to which current is 
diverted into the animal’s body is a function of the ratio of the conductivity of 
the fish to that of the water (Holzer, 1932). The greater this ratio, the more 
‘current is diverted into its body. Thus these functions of conductivity are 
antagonistic and their interaction results in the curve in Fig. 3. 


WATER CONDUCTIVITY AND THE DESIGN OF ELECTRIC BARRIERS 


The relationship between the critical voltage gradient and water conductivity 
has an application in the design of lamprey barriers which operate in waters of 
a wide range of conductivities. The curve of Fig. 3 has the following practical 
implications. 

Throughout the conductivity range 100-2500 micromhos, the critical voltage 
gradient is, for practical purposes, independent of water conductivity. Thus, 
seasonal variations of conductivity in this range may be ignored, since they 
will not appreciably alter the value of the critical voltage gradient in the barrier. 
Below 100 micromhos, however, the critical voltage gradient rises rapidly with 
decreasing conductivity. Therefore, seasonal fluctuation in the conductivity 
of these waters may demand that voltage gradients be increased, either by 
increasing the input voltage or by decreasing the spacing between the electrodes. 
Barriers to be operated in such waters should be built to provide a voltage gradient 
in the water, greater than the critical gradient corresponding to the lowest water 
conductivity during the season. 


SUMMARY 


The critical voltage gradient in the water sufficient to immobilize sea lampreys, 
increases with decreasing water conductivity. The critical gradient does not 
increase linearly, but in a rectangular hyperbola, with the logarithm of conduct- 
ivity. In the designing of electrical lamprey barriers, special attention must be 
paid to those waters in which the conductivity can fall below 100 micromhos, 
since below this value the critical voltage gradient is markedly dependent on 
water conductivity. 
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A Modified Anchor Dredge For Collecting 
Burrowing Animals? 


By M. L. H. Tuomas 


Fisheries Research Board of Canada 
Biological Station, London, Ont. 


ABSTRACT 


An anchor dredge was modified so that it was to some extent self-sifting and so that its digging 
depth was adjustable. When towed for short hauls astern of a vessel, the dredge is an efficient 
qualitative sampling device for the fauna of soft bottoms. 


ALTHOUGH LAMPREY LARVAE are usually regarded as stream dwellers to be 
found buried up to 6 inches (15 cm) in the substratum, it has been known for 
some time that sparse populations occur in parts of the Great Lakes off the 
mouths of some rivers. It was not known how extensive these populations were 
or to what depth of water they occurred. The need for a device which could 
sample a large area of bottom to a depth of 6 inches was therefore apparent. 
The anchor dredge described by Forster (1953) is, in essence, a sharpened steel 
plate which, when dragged at an angle to a soft substrate, digs in to its full extent, 
guiding the substrate into a bag behind. This seemed to offer a solution, except 
that it could only be dragged a few yards before it filled up. A light dredge 
with a cone of wire mesh on the back, designed by Dr D. L. De Guisti (personal 
communication) and used by him in Lake Huron to sample Pontoporeia, has 
proved to be self-sifting. It seemed likely that a modification of Forster’s 
dredge combined with a self-sifting arrangement might be used to take longer 
hauls. A dredge was designed to incorporate these features and, in addition, the 
angle of the sharpened plate was made adjustable so that the dredge could be 
made to dig to any required depth up to its limit. Initial trials were made with 
the author, equipped with self-contained underwater breathing apparatus 
(SCUBA.), riding on the dredge. From observations made at this time the 
blade angle, the angle of the tow line, and the speed were adjusted so that the 
dredge moved smoothly through the bottom while digging to the required depth. 
1Received for publication March 14, 1960. 
*This project was supported under contract by the Great Lakes Fishery Commission. 
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STRUCTURE AND METHOD OF OPERATION 


The structural details of the dredge are shown in Fig. 1. Figure 2 shows 
the dredge aboard the motor vessel Cottus of the Fisheries Research Board of 
Canada, Biological Station, London, before modifications were completed. The 
fore part of the dredge consists essentially of a frame holding the }-inch plate 
scoop, hung from the rear of a 51-inch long 4-inch ‘‘I’’ beam, to the front of 
which is attached the towing shackle. The cutting edge of the scoop is hardened. 
The scoop is hinged at the rear and adjustable by means of locking bolts through 
a curved slot on each side of the scoop. The rear part of the dredge which forms 
the self-sifting apparatus is detachable from the fore part. It is a pyramidal 
frame of 1-inch angle iron, terminating in a piece of 6-inch pipe to which is 
fastened the canvas collecting bucket. The screen was made of }-inch double 
galvanized wire cloth overlaid with similar }-inch mesh. All four panels of 
mesh were attached so as to be removable for repair by }-inch iron strap bolted 
through to the frame. The effective width of the dredge was 2 feet (61 cm), its 
total length 9 feet 3 inches (282 cm), and its weight 208 lb (94 kg). Blueprints 
are on file at the Biological Station, London. The tow line used was 1}-inch 
manilla. A wire cable would probably be more satisfactory if the ship’s equip- 
ment could handle it. In operation the dredge was first hung over the stern of 
the stationary vessel and manoeuvred so that the scoop was against the stern, 
then let go. Providing this procedure was followed it always landed the right 
way up. As the boat moved slowly ahead the tow line was let out until the 
required towing angle was reached, then secured to capstan posts. Experience 
showed the best towing angle to be 60 degrees to the vertical. At greater angles 
the dredge continued to dig to its full depth, then clogged; at lesser angles it had a 
tendency to leap-frog. The device was towed for 3-minute hauls at a speed of 
about one mile per hour (2 km/hr), the correct speed was judged by observation 
of the water. At the end of each haul, the vessel was stopped and the dredge 
hauled to the stern using a power winch. The dredge was then raised until 
it could be swung over the rail using the boom. If the dredge proved to be full 
as it broke the surface, it was quickly cleaned by towing it in this position at 
6 to 7 miles per hour while scrubbing it with a brush. 


RESULTS AND DISCUSSION 


In Lake Superior the modified dredge proved to be very effective, particularly 
on bottoms of clean sand where clogging was slight. Large collections of a 
varied bottom fauna were obtained. These samples included many active 
animals such as fishes and crayfishes as well as the sedentary fauna. Soft- 
bodied forms such as ephermerids and oligochaetes were mostly recovered alive 
and whole, although a few were always dismembered. Several ammocoetes 


THOMAS: ANCHOR DREDGE FOR BURROWING ANIMALS 


ENLARGED PORTION OF FRAME 
SHOWING DETAIL 


Fic. 1. Exploded view of the dredge showing structural details. 


Fic. 2. The dredge aboard the M.V. Cottus before modifications were completed. 
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were obtained, representing all 3 genera known to occur in the area, one specimen 
from a depth of 75 feet (23 m). 

The dredge is primarily intended as a collecting device to sample relatively 
large areas of bottom. Results cannot be assessed quantitatively, since the 
amount of clogging of the mesh varies with the type of substrate. Clean sand, 
for example, is washed through the sifting screens completely, leaving larger 
detritus and fauna. Sticky mud, at the other extreme, is washed through very 
little. The dredge provides an efficient method of sampling fauna of large 
areas of soft bottom, provided that the services of a-suitable vessel are available. 
The fact that it digs deeply into the bottom makes it particularly suitable for 
collecting burrowing fauna. 
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Inhibition of Bacterially Produced Trimethylamine 


Benzoic acid or its sodium salt has been widely used as a preservative to 
prevent the growth of many micro-organisms, the effectiveness increasing with 
decreasing pH. Tarr and Sunderland (1940) noted that benzoic acid prevented 
the rapid increase in bacterial numbers on fillets of certain species of fresh sea 
fish and usually greatly lessened bacterial reduction of tissue trimethylamine 
oxide to trimethylamine. It is not known whether benzoic acid and its sodium 
salt are also effective against the activity of resting cells. This note describes 
the effect of sodium benzoate and benzoic acid! on resting cells using as an index 
the trimethylamine-oxide-reducing systems of a series of bacteria commonly 
isolated from spoiling fish. 

Twenty-hour bulk cultures of Pseudomonas putrefaciens strain 22, Micro- 
coccus species strain 61, Achromobacter species strain 436, Aerobacter species strain 
8308, and Serratia marcescens strain 138 were grown on a gyrotary shaker at room 
temperature (approximately 24°C) on the following medium: yeast extract, 1 g; 
KH2PO,, 2 g; glucose, 3 g; MgSO,, 0.25 g; FeSO,., 0.5 ppm; distilled water, 
1000 g; adjusted to pH 7.0 (the glucose was sterilized separately and added to 
the medium just prior to inoculation). The harvested cells, washed once in 
distilled water, were re-suspended in distilled water so that a concentration of 
approximately 30 mg/ml (dry weight basis) was attained. 

The reaction mixture consisted of 1 ml 0.2M trimethylamine oxide, 1 ml 
0.2M glucose, 3 ml phosphate buffer (prepared from 0.25 solutions of NasHPO, 
and KH.PQ,), 1 ml 1.2% sodium benzoate, and 6 ml (30 mg/ml dry weight basis) 
of cell suspension. Controls were run in which the benzoate solution was 
replaced by 1 ml distilled water. The reactions were run in duplicate in a pH 
range of 6.30 to 7.80 at 29°C. At intervals 2-ml samples were withdrawn and 
analysed for their trimethylamine content according to the method of Dyer 
(1945, 1950). 

The results illustrated in Fig. 1 and 2 indicate that the Aerobacter and 
Serratia species were affected significantly by 0.1% sodium benzoate and benzoic 
acid but only after the first hour had elapsed. The trimethylamine production 

‘Sufficient sodium benzoate was added to the appropriate reaction mixtures to give a final 
concentration of 0.1% in terms of sodium benzoate. However, dissociation will give rise to 


varying amounts of the acid, depending upon the pH, hence mention is made of benzoic acid even 
though the concentration in the most acid solution used is extremely small. 
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Fic. 1. Inhibition of the trimethylamine-oxide- 


Fic. 2. Inhibition of the trimethylamine-oxide- 





reducing system of resting cells of Aerobacter 
species strain 8308 by benzoic acid and sodium 
benzoate. 


reducing system of resting cells of Serratia 
marcescens strain 138 by benzoic acid and 
sodium benzoate. 


was reduced by maximum values of 28 and 34% in 3 and 5 hours respectively 
for S. marcescens and 10 and 13% in 2 and 3 hours respectively for the Aerobacter 
species. The Micrococcus, Achromobacter, and Pseudomonas species were not 
affected by the sodium benzoate or benzoic acid during the 6-hour test period. 

The results show that at least one enzyme system of resting cells of two 
bacterial species is inhibited by the concentration of sodium benzoate legally 
allowed in food products, but that this inhibition of the trimethylamine-oxide- 
reducing system does not occur with several other species. The significance 
of this inhibition is increased by the fact that it occurs in a pH range wherein 
the benzoic acid and sodium benzoate are almost completely dissociated, rather 
than at the acid pH values where the undissociated benzoic acid molecule is 
most effective as a growth inhibitor. 
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Marine Sterols. VII. The Synthesis of 29-Isofucosterol 
and the Attempted Synthesis of 17-Dehydrocholesterol ' 


An investigation of the sterols of marine invertebrates has been carried 
out for some time in this laboratory. In the course of this investigation the 
Wittig reaction (Wittig and Schéllkopf, 1954) was applied to the synthesis of 
sidechain-unsaturated sterols. It was anticipated that a knowledge of the 
properties of previously unknown sterols would facilitate the identification of 
some of the major and minor components of the often very complex sterol mixtures 
in tissues of marine fauna. The reaction was used successfully in the synthesis 
of 24-methylenecholesterol, 25-dehydrocholesterol (Idler and Fagerlund, 1957) 
and 24-dehydrocholesterol (Fagerlund and Idler, 1957). At that time an attempt 
was also made to prepare fucosterol. A sterol with properties different from 
those of natural fucosterol was isolated in 28% yield.2. Since the Wittig reaction 
is known to proceed without rearrangement of the molecule, it appeared most 
probable that the resulting product was isomeric with fucosterol at the 29- 
position. This theory was supported by the fact that the absorption peak in 
the infrared spectrum characteristic for the sidechain double bond in fucosterol 
was shifted to a longer wavelength. An independent report of the synthesis of 
29-isofucosterol via the Wittig reaction has now appeared (Dusza, 1960) and it 
has been deduced from its infrared spectrum and the mechanism for its formation 
that the orientation of the methyl and isopropyl groups is frans in the synthetic 
product and cis in the natural product. The physical characteristics of the 
reaction product are similar to those found by us. The yield (20%) reported by 
Dusza for this reaction, in which the tetrahydropyrany] ether of 24-ketocholesterol 
was used as starting material, was somewhat lower than that reported here (28%) 
when the acetate of 24-ketocholesterol was used. 

An attempt has also been made to prepare the unknown 17(20)-dehydro- 
cholesterol from dehydroepiandrosterone acetate and triphenylphosphine methyl- 
isohexylmethylene. When the reaction was carried out under the same conditions 
as were used in previous cases and the reaction product acetylated, there resulted 
a small amount of an unidentified, ether-soluble material which was eluted 
from a silicic acid—Celite column with stronger solvent than usually required 
for acetates of mono-hydroxy sterols: Most of the reaction product was ether- 
insoluble. Presumably the initially formed betaine did not split under these 
conditions. More vigorous treatment of the betaine resulted in an almost com- 
plete recovery of the starting material. 


; SOSA 
1Part VI of this series has been submitted to the Canadian Journal of Biochemistry and 
Physiology. 


2A preliminary report of this work appeared in the Annual Report of the Fisheries Research 
Board of Canada for 1956-1957. 
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29-ISOFUCOSTEROL ACETATE.—Triphenylphosphine (20 g) and ethylbromide 
(10 g) were dissolved in 50 ml of benzene and left for 2 days at room temperature 
in a stoppered bottle. The precipitated ethyltriphenylphosphonium bromide 
was filtered off and washed with benzene. It melted at 205-207°C. 

The triphenylphosphine ethylidene reagent was prepared from 2.55 g of 
ethyltriphenylphosphonium bromide and 7.5 ml of an 0.95N etherial solution of 
phenyllithium which were shaken with 19 ml of ether in a pressure bottle for 
3 hours at 20°C. To 15 ml of this reagent in a pressure bottle was added 230 mg 
of 24-ketocholesteryl acetate. The bottle was sealed and shaken for 1 hour at 
room temperature and then kept for 5 hours at 65°C. The precipitate was filtered 
and rinsed with ether. The filtrate and rinses were washed with water and 
evaporated to dryness. The residue was reacetylated and chromatographed on 
silicic acid—Celite 545 (2:1 by weight). A 1:1 mixture of petroleum either (b.p. 
65-110°C) and benzene eluted 65 mg of a compound which melted at 131°C after 
recrystallization from methanol. The infrared spectrum of the acetate showed 
a prominent absorption band at 808 cm (12.38 «) replacing the equally prominent 
band at 816 cm™ (12.26 uw) in the spectrum of fucosteryl acetate. Dusza reports 
the corresponding peaks at 12.30 and 12.14 u. 


AN ATTEMPTED SYNTHESIS OF 17(20)-DEHYDROCHOLESTERYL ACETATE.— 
6-Methyl-2-heptanol was prepared by reduction of 6-methyl-2-heptanone with 
lithium aluminum hydride. The product was distilled im vacuo in a Todd fractional 
distillation apparatus; n 20° 1.4245; doe 0.812. 

Phosphorus tribromide (9.08 ml) was added to 35 g of 6-methyl-2-heptanol 
previously chilled in dry ice-acetone. Vacuum distillation of the product gave 
40 g of 2-bromo-6-methylheptane; n 20" 1.448; dae 1.092. 2-Bromo-6-methyl- 
heptane (890 mg) and triphenylphosphine (1240 mg) were heated at 150°C for 48 
hours, which converted most of the content to an oil which solidified on cooling. 
Only a few drops of oil were formed after 48 hours at 100°C. The product, 
secondary iso-octyltriphenylphosphonium bromide, was apparently very hygro- 
scopic and was therefore used without purification in the following step. 

To the solidified reaction product were added under nitrogen 5.25 ml of 
0.9N phenyllithium reagent and 19 ml of anhydrous ether and the red-coloured 
mixture was shaken overnight in a sealed bottle. 

Dehydroepiandrosterone acetate (780 mg) was added under nitrogen to the 
reaction mixture. A precipitate of the betaine formed immediately. The flask 
was shaken for 2 hours and the red colour (due to triphenylphosphine methyl- 
isohexylmethylene) disappeared. The mixture was heated for 2 hours at 65°C 
and worked up as described for 29-isofucosterol and the ether extract chromato- 
graphed. A 1:1 mixture of petroleum ether (b.p. 65-110°C) and benzene failed 
to elute the expected acetate. A small amount of dehydroepiandrosterone 
acetate was eluted with methylene chloride. Since the ether extraction obviously 
failed to bring out any appreciable amount of acetate from the reaction mixture, 
it was assumed that the first step in the reaction, i.e., the formation of betaine, 
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proceeds in good yield. Other means of splitting the betaine into alkylidene 
compound and triphenylphosphine oxide in better yield were therefore investi- 
gated. More ether was added to the reaction mixture and it was heated at 65°C 
overnight. This procedure gave only an additional 20 mg of ether-soluble 
material. In this and previous reactions two equivalents of alkylidene reagent 
were used for every equivalent of sterol acetate since Wittig and Schdéllkopf 
had found that on one occasion an alkylidene reagent had formed betaine with 
an ester, which subsequently failed to cleave. Therefore, the ether insoluble 
reaction product of dehydroepiandrosterone was hydrolyzed and reacetylated but 
yielded only the starting material. Finally, the vacuum-dried betaine was heated 
at 240°C under high vacuum for 15 minutes and the sublimed material was 
chromatographed. A substance with the expected properties of 17(20)-dehydro- 
cholesteryl acetate could not be isolated, but there was obtained a nearly quantita- 


tive yield of a substance identified as dehydroepiandrosterone acetate by its 
infrared spectrum. 
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Removal of Free Chlorine from Running Water by Sodium 
Thiosulphate 


Our laboratory is supplied with water from a municipal water system. This 
water contains free chlorine in concentrations that vary from 0 to 0.5 ppm and 
is at times lethal to fish. On one occasion when the free chlorine content was 
0.3 ppm, a sample of goldfish was killed after an exposure of 24 hours (temperature 
10°C). The chlorine in the water can be neutralized by the addition of sodium 
thiosulphate—a technique which has been used by previous authors (Rodgers, 
1949; Sharpe, 1951; Pyle, 1960) for relatively short periods of time. We have 
found that this technique is also applicable to the dechlorination of running 
water over long periods of time. Noill effects have been observed on sea lampreys, 
goldfish, brown bullheads and white suckers held in the treated water for several 
months. 

The sodium thiosulphate is added continuously in, the form of an aqueous 
solution by means of a constant-flow bottle. The amount of sodium thio- 
sulphate required to neutralize the free chlorine was calculated by titrating a 
known volume of tapwater with a standard solution of the reagent. The 
strength of the solution in the constant flow bottle was calculated on the basis 
of a maximum concentration of free chlorine of 0.5 ppm. At this concentration, 
1.5 g of sodium thiosulphate were required per day for a water flow of 1 litre per 
minute. By a suitable adjustment of the concentration of the solution and its 
rate of removal from the bottle, a gallon (about 4 1) of solution lasts a week 
before refilling is necessary. 
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